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1. with HORTONSPHEROIDS$ 





These efficient pressure storage tanks prevent excessive evapo 
losses from petroleum hydrocarbons ranging in volatility from 
gasoline to natural gasoline. They are available in capacities 
2.000 to 120,000 bbls. with working pressures from 21. to I 
per sq. in. (higher pressures in the smaller sizes only). 


2. with HORTONSPHERES ? 


Hortonspheres provide the most efficient. most economical mea) 
hizh-pressure storage of the more volatile grades of natural ga: 
hutanes. hutane-propane mixtures and volatile refinery stocks. S§ 
ard sizes include units up to 65 ft. in diameter for gases or 25.00% 
capacity for liquids. with operating pressure ranges from 30 t@ 
Ibs. per sq. in. 





3. with HEMISPHEROIDS 


For capacities from 2.000 to 30.000 bbls. for 2! Ibs. per sq. in. 

2.000 to 7.500 for 5 Ibs. per sq. in. pressure. these tanks combin: 
advantages of spheroidal design with the economical cost of a ¢ NI 
drical shell. They are built with plain or noded roofs and bott! 
depending upon size and pressure required. 


The distinguishing feature of these three types of Horton storage t 
is their ability to store volatile petroleum products without los 
withstanding internal pressures developed under storage conditi 
So long as this internal pressure does not exceed the setting of” 
relief valve. no vapors will escape and there will be no evapora? 
loss. All three- Hortonspheroid. Hortonsphere. or Hemisphero 
are designed to do an efficient job in reducing evaporation | 
from specific types of volatile products. When selecting pressure 7 
age facilities. contact our nearest office for information regarding 
type of Horton tank best suited to meet your requirements. 
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‘te Reference Annual of The Petroleum Engineer contains some of the 
top papers of the year, selected from the various divisions of the petro- 


leum industry. Every reader will find articles of value and importance in 


his field. 


The second issue of the bibliography of papers that were given 


during the preceding year has outgrown the Reference Annual. We 





lr is 


accept our responsibility, however, for continuing this valuable aid to hone 

spons 

research and thence to progress. Boyd 

> ment 

During the coming months the 1948-49 bibliography will be pub- i that 

' , te a \r 

lished as part of the Continuous Tables. The bibliography will be indexed Hl year: 
, R , } indu 

by author, subject, and society before which paper was presented, and : iad 

will provide an up-to-date reference to current trends. As is done for the ; a 
reader in the general “‘Readers’ Reference Guide” and the more spe- i 7 
. C . se (a4 . . ae a — 
cific “Industrial Arts Index” and “The Engineering Index. Inc..”” we shall F sion 
. . . . + ers, 

endeavor to keep up with the latest published reports — in this case faith 
. . . E ‘om 
limited to the petroleum industry. ie 
\ 

Most of these papers will be available from the societies or the maga- ther 

2 ? r . f ‘ and 
zines in which they appear and can be obtained from the publishers. The of | 
. . . . . . ° T 
bibliography will include information about where copies can be procured. on 
In 

The decision to publish the bibliography in other issues has meant “es 

, Mm 

the publication of a larger and more comprehensive number of outstand- sin 
. . 3 ne: tha 
ing papers in the 1949 Reference Annual. We present it in the hope and . 
‘ , . R ‘ _ om 
belief that each reader will find herein a new idea. a better method. a os 
brighter outlook. i 
by 

tio 

the 

; us. 
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THREE P’S IN A POD 


Paces, rofits, F roductivity 


ly is with a sense of privilege and high 
honor that I appear before you in re- 
sponse to the invitation of President 
Boyd to discuss several of the funda- 
mental economic factors underlying 
that state of the oil business today. 

(mong you are many with far more 
years of experience in the petroleum 
industry than I have enjoyed. All of 
you fully understand and practice the 
hasic principles of a free-market, com- 
petitive enterprise economy. Lest any- 
one suspect me of carrying oil to East 
Texas. let me assure you that my mis- 
sion is not the conversion of unbeliev- 
ers, but rather an exhortation to the 
faithful to raise the banner of a free. 
competitive industry. and disseminate 
the truth. 

Never in recent years, at least, has 
there been more widespread ignorance 
and misunderstanding of the function 
of prices and profits as stimulators of 
productivity under our competitive 
enterprise economy, than exists today. 
In view of the steady stream of col- 
lectivist propaganda to which the 
\merican people have been subjecied 
since the war’s end, it is not surprising 
that this should be so. 

But unless this ignorance and mis- 
understanding can be cleared away. 
our competitive enterprise system is in 
serious jeopardy of being disrupted 
hy ill-conceived governmental restric- 
tions. Consequently this subject merits 
the attention and concern of each of 
us. 

We must correct the widespread 

* President, Sun Oil Company, Philadelphia, 

nnsylvania. 

Presented before the General Session of the 


2sth Annual Meeting of the API, Chicago, 
Illinois, November 11, 1948. 
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popular belief that profits are just a 
residue paid out to stockholders when 
a companys books are closed. We 
must make it clear to all our people 
that profits have definite jobs to do 
that are vital to the operation of our 
competitive economy. And let there be 
no misunderstanding. Our interest in 
a competitive economy is not as an 
end in itself, but as a means to an end 

the end being an improved standard 
of living for the American people. 

First, profits constitute the wages 
or rental that a company pays for the 
plant and tools supplied by stock- 
holders—the plant and tools on which 
productivity is based and which are 
the very foundation of well-paying 
jobs. 

But, as you well know, profits in a 
competitive enterprise economy per- 
form many other functions. They are 
the gauges in our general office con- 
trol rooms which signal the economic 
temperatures and pressures of the 
times. 

For example, profits, when they be- 
come large. signal the need for expan- 
sion in those lines of production in 
which demand is increasing. Contrari- 
wise, a lack of profits indicates the 
necessity of contraction in those in- 
dustries which have been over-ex- 
panded or whose products are in 
diminishing demand. 

Not only do profits signal the need 
for expansion, but profits induce peo- 
ple to risk their savings in those enter- 
prises which will produce goods and 
services that the rest of us want and 
are able to buy. 

Profits serve as the most important 
method of accumulating funds which 





in Petroleum 


are needed for new capital investment. 
This is true whether the profits are 
reinvested in the business or paid out 
to stockholders. In either instance, 
they are the means for capital forma- 
tion which is essential to all industrial 
expansion. 

Once an investment has been made, 
the margin of profit serves as a re- 
corder or yardstick of the efficiency 
of the managers of the enterprise, un- 
less the latter enjoys some kind of 
monopoly position. Thus to maintain 
reasonable profits in a competitive 
industry, the managers must be alert 
to improved quality and services, in- 
creased volumes of sales and prices as 
low as those of their rivals. 

Adequate profits are essential for 
business and industry to fulfill their 
responsibilities to serve the general 
welfare. They stimulate expansion and 
competition, thus providing more and 
better goods with consequent lower 
prices. They give people an incentive 
to invest their savings. And they act 
as a guide and a regulator of the flow 
of capital funds. 

As long as profits are permitted to 
perform these functions, our economy 
will remain dynamic and strong, serv- 
ing the needs of the American people. 

The heart of the profit system is the 
price mechanism which in a free mar- 
ket adjusts the supply and demand for 
goods and services. This adjustment is 
made (in other words, prices are de- 
termined) in the market place through 
the free and competitive bidding of 
many buyers and many sellers. Short- 
run market prices result from the in- 
terplay of supply and demand factors, 
regardless of the cost of producing a 
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given commodity or of the profits 
which may result from selling it. A too 
little-appreciated fact is that custom- 
ers, through the pressure of their de- 
mand, determine prices in a competi- 
live economy. 

Of course, in the long run—say, 
over a period of several years—if the 
market price for a commodity has not 
been sufficiently high to cover costs 
of production and to yield a return on 
investment for all producers, the less 
eficient firms producing that com- 
modity will be forced out of business 
or they will abandon production of 
that particular commodity. As a re- 
sult, fewer units will be produced, the 
market price will rise because of in- 
sufficient supply, and profit margins 
will be restored. 

On the other hand, when market 
price for a commodity is high enough 
to yield an exceptionally good profit, 
existing firms start expanding, and. 
new firms are started. The 
supply is thus increased. Competition 
thereupon grows sharper and _ prices 
fall when the supply reaches: a point 
slightly in excess of the demand at the 
existing price level. This results from 
ithe competition of sellers in disposing 
f their production. 

Such are the traditional operations 

the laws of supply and demand in 
our competitive enterprise economy. 
Nor is the effect of these laws nullified 
by the inflationary forces that have 
been at work in this country for sev- 
eral years. Generally speaking, infla- 
tion has given increased force to the 
demand side. without. however, hav- 
ing brought about a corresponding 
balance in supply. 

This condition results from a 
sharply increased supply of money 
which is a direct consequence of loose 
monetary policies and federal govern- 
ment deficit financing, aggravated by 
huge war spending. Thus there has 
taken place a national accumulation of 
much more money than there are 
goods and services to buy with it at 
existing price levels. 

We have today. including both 
money in circulation and deposits in 
omercial and savings banks, two and 
me-half times as much money as in 
1939. But since 1939, despite record- 
breaking industrial achievement. the 
production of goods has increased 
only 78 per cent. Thus over the last 
ght years the money supply has in- 
creased about twice as fast as the 
physical output of our mines. fac- 
tories, shops and farms. 

The inevitable result has been a 
reatly increased demand for most 
ommodities that could not be met by 
upplies. with sharply increasing 
srices bid up by those with the money 

to do so. While increased production 


ni rhaps 
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is helpful, only a correction of the un- 
sound monetary policies of the past 
and an end to deficit financing by the 
government can bring these inflation- 
ary forces under control. 

And that, too, gentlemen, is a story 
that needs to be told far and wide. 
Business and industry cannot hope to 
achieve public understanding and ac- 
ceptance of their current operations 
as long as people generally mistake 
the manifestations and results of in- 
flation for its cause. The cause of this 
inflation is precisely the injection of 
increased quantities of money into 
circulation by a process which has 
been but one stop short of an outright 
printing press operation. 

Everything else—round after round 
of increased prices and_ increased 
wages and credit expansion—are but 
consequences of the increase in the 
quantity of money that resulted from 
the monetizing of the government 
debt. Thus the pre-war value of the 
American dollar has been cut approxi- 
mately in one-half. When that fact is 
understood generally, we shall be on 
our way to solving our chief difficul- 
ties. Let us not deceive ourselves. we 
shall not get on solid ground until 
that fact is fully recognized by our 
people and government has the cour- 
age to correct the fallacious policies of 
the last 18 years. 

Turning now to the oil business, we 
witness an outstanding example of 
competitive enterprise and the specific 
application of these fundamental eco- 
nomic laws which we have just re- 
viewed in their general operation. 

In our industry events of the last 
three years demonstrate beyond all 
possibility of dispute that prices. 
profits, and productivity are interde- 
pendent. I have likened them to “three 
peas in a pod’’—and so they are. Like 
the peas in a pod, each is separate in 
itself; but each also is joined to the 
other. Factors affecting any one of 
them, influence the others. The pod, of 
course, is our competitive enterprise 
system. 

Much has been said about oil’s 
sharply increased profits. Not enough 
has been said about the tremendous 
job that oil men and women have done 
in stepping up production to meet the 
postwar demand. 

It is superficial and meaningless to 
say that 1947 oil industry dollar 
profits were approximately 60 per 
cent greater than in 1946 and that 
this year’s net earnings are running at 
substantially higher levels. 

Such dollar earnings are the great- 
est in the history of the oil industry. 
But whether it is evidence of a healthy 
economic situation remains to be seen 
in view of the attendant circumstances. 
For to be properly appraised. these 


earnings must be related not only to 
the general economic situation, but 
also to the general oil supply-demand 
picture, to the volume of sales, to 
prices, to the purchasing power of the 
dollar, and finally but most impor- 
tantly, to the obligations (involving 
replacement and expansion problems ) 
resting on the industry to supply the 
oil needs of the consuming public. 
Only as this is done can current oil 
profits be made meaningful and sig- 
nificant. 

Increased sales volume, requiring. 
for the most part, capacity operations 
and increased prices have contributed 
to the oil industry’s profit picture. It 
should be emphasized that both, in 
large part, grow out of the inflation- 
ary situation created by increased sup- 
plies of money and price disparity 
caused by government controls. 

The elements of the increased de- 
mand for petroleum products needs 
no demonstration before this gather- 
ing. However. factors underlying the 
price increase need to be repeated be- 
cause they are too often forgotten. 

Foremost is the fact that wartime 
price controls for all practical pur- 
poses froze oil prices. You know the 
refusal of O.P.A. to permit any in- 
crease in the price of crude oil, de- 
spite rising costs resulting from infla- 
tionary pressures. Product prices were 
permitted only to rise slightly. For 
instance. whereas in the 1941-45 
period. coal prices were permitted to 
rise approximately 27 per cent, prices 
for petroleum and its products were 
allowed to advance only 12 per cent. 

Importantly. the disparity thus cre- 
ated was responsible in part for the 
postwar rush to install oil burners and 
to convert to oil industrial plants burn- 
ing coal. 

When OPA control ended, petro- 
leum and its products were selling at 
wholesale for one-third less than their 
1926 average prices but all commodi- 
ties making up the index were selling 
on an average of 13 per cent above the 
1926 base. In the face of this situa- 
tion and the intensive postwar de- 
mand, oil prices began to rise in 1946 
and the corrective adjustments which 
were so badly needed have since been 
taking place. 

Since 1946 the general level of crude 
oil prices has been raised five times 
(one authorized by OPA) for a total 
of $1.40. None of these increases (ex- 
cept that granted by OPA) directly 
resulted from the fact that someone 
merely thought a price rise would be 
a good idea and then acted. In each 
instance there was a very real and ag- 
vressive demand pressure by someone 
needing oil that forced the price up. 
In each instance it reflected a tight 
industrywide supply-demand_ situa- 
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The Reference Annual is 
a special number, not one of 
the monthly issues, and there- 
fore does not carry the reg- 
ular features. The contents are 
selected papers of significance 
that have been presented dur- 
ing the previous year. 











tion. If that were not true, the in- 
creased price would not have held. 

The situation leading up to these 
price increases was one of demand 
gradually overwhelming supply. The 
obvious public desire was for large: 
supplies of oil products, which, of 
course, required increasing supplies 
of crude oil. Both proved economic 
concept and the history of oil pro- 
duction indicated that this require- 
ment could not be achieved by a sta- 
tionary price, irrespective of whether 
such action came as a result of gov- 
ernmental edict or industry predilec- 
tion, 

Historically the trend ot well drill- 
ing follows the pattern of crude prices. 
as I shall subsequently demenstrate. 
New oil discoveries as well as-in- 
creased production are dependent on 
well drilling. Thus. even though de- 
mand dictated the price increases, it 
was believed that they would prove to 
he incentives for stimulating increased 
production. 

This precisely has happened: Sinée 
the first 1947 price increase, Maréh a 
year ago, domestic oil production ‘has 
increased from a daily average of 
1,784,000 bbl to a new high of 5,604.- 
000 for the week ending October 30 
this year, the latest figure available. 
This latter figure was 820.000 bbl-of 
daily average production over Mareh 
194.7—an increase of 17 per cent. Pre- 
liminary to that production was the 
fact that well drilling last year was 13 
per cent greater than 1946, and this 
year it is estimated the additisnal 
wells completed will show an ‘ven 
larger increase. 

Actually the oil industry has be- 
come a leader of industrial expansion. 
The Federal Reserve Board reports 
that since 1941 crude oil production 
has increased 46 per cent. But in that 
period iron and steel output increased 
only 11 per cent: lumber and its prod- 
ucts 17 per cent; automobiles 31 per 
cent; bituminous coal 22 per cent. 
and all manufacturing production 19 
per cent. 

Obviously, therefore. increased 
prices have had the effect of increas- 
ing supplies of oil and this is what the 
consuming public has desired. But has 
the public, as a few critics have sug- 


gested, been forced to pay “through 
the nose” to get these increased sup- 
plies? The answer is to be found-in a 
frank comparison of oil prices: with 
prices for other commodities and the 
general price pattern, of the nation. 

\ltogether since the war’s end, gen- 
erally posted crude oil prices have ad- 
vanced $1.40 a barrel, or, on the basis 
of East Texas crude, 112 per cent. 
(ctually this represents the increase in 
crude oil prices since 1941 because 
the OPA froze crude oil prices at the 
level of the end of that year. 

Admittedly this increase constitutes 
a sharp rise in price, but actually it is 
less than the depreciation of the pur- 
chasing power of the dollar, which 
has taken place as evidenced by 
greater price increases for many other 
commodities. For instance, in the 
period 1941 to this fall-wholesale raw 
material prices on an average in- 
creased 116.2 per cent and the aver- 
age increase of wholesale prices for 
farm products increased 130 per cent. 

Increase in crude oil prices” have 
heen reflected only in part in increased 
prices to consumers for gasoline. heat- 
ing oils, and other petroleum prod- 
ucts. At service stations across the na- 
tion motorists today are paying an 
average of only 35 per cent more, in- 
cluding tax, for gasoline than they did 
in 1941. Meanwhile the Government's 
Gensumers’ Price Index ; (cavering 
such things as clothing, groceries and 
furniture). in the same period rose 66 
per cent. 

Wholesale and retail prices of kero- 
sine, furnace oils, and heavy fuel oil 
have risen more precipitously than 
have: gasoline prices. Demand for 
these heating oils has sharply risen. 
out-running their supply. As _ previ- 
ously pointed eut. however, demand 
in excess of supply is the factor re- 
sponsible for price increases. 

We ail recat that. prior to recent 
postwar price readjustments, fuel oils 
in varying degree sold at prices less 
than their value for conversion into 
gasoline. Efficient refinery operations. 
under such circumstances. generally 
require that the maximum amount 
technically possible of a barrel of 
crude oil shoukd be processed into 
casoline as long as there is a market 
for such gasoline. Recent increases in 
fuel oil prices: have eliminated this 
disparity and therefore have provided 
incentives for refiners to produce these 
products. Likewise these increases 
have closed the gap hetween oil and 
coal prices created by OPA action. 

Certainly oilsas yet has not com- 
menced to price itself out of custom- 
ers. as coal has heen doing for years. 
Although the rate of increased de- 
mand for furnace oils this year: as 
estimated, is not as great Hs it was last 
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year, the increment is higher than 
normal. .-; 

Even to keep up with a normal, an- 
nual increase in demand, taking into 
account the increases in demand. for 
motor fuels, the oil indystry not only 
has been required to keep up its exist- 
ing facilities but to pursue an expan- 
sion program far greater than. any 
undertaken in the past..Therein is the 
crux of the industry's problems. 

The replacement of existing plant 
and the expansion of facilities must 
be made at costs which today are 
greater than twice pre-war .construc- 
tion and equipment costs. This con- 
stitutes a serious problem for all in- 
dustry, but it is extremely serious for 
petroleum where capital ,investment 
per employe and per dollar of,annual 
sales is substantially greatee than in 
other industries,.as illustrated by com- 
parison with steel, rubber, and auto- 
mobiles. , 

Further, while current depreciation 
allowances recognized by the Bureau 
of Internal Revenue are sufficient to 
recoyer the original cost of plant con- 
struction, they are grossly inadequate 
to provide for its replacement at to- 
day’s prices. Failure. of industry to 
replace and keep modern and _ efh- 
cient its existing facilities means re- 
trenchment. less productign. fewer 
jobs, and a consequent inability to 
meet customer demand. : ' 

In order to keep existing plant and 
equipment up fo present standards and 
to expand facilities to meet the in- 
creased demands for petroleum prod- 
ucts, the industry in the last two years 
has made capital expenditures aver- 
aging $2 billion annually. Such ex- 
penditures are at a rate twice the aver- 
age for the war period and approxi- 
mately three times the average for the 
five years preceding the war. 

Were it not for the fact that petra- 
leum industry profits have been rising. 
the source of funds for the replace- 
ment and expansion reflected by this 
huge capital expenditure would create 
a critical problem. But the forces of 
demand, which have resulted in highes 
prices and a need for increased facili- 
ties. at the same time have generated 
greater dollar net earnings available 
for use for replacement and expansion 
of plant to fulfill that demand. 

Owners of the oil industry—the 
stockholders—to whom profits right- 
fully belong. have permitted their 
companies to reinvest a major portion 
of their profit-money to provide facili- 
ties for meeting the demand and thus, 
in time. lowering prices. and the ratio 
of profits to the sales dollar. 

Joseph E. Pogue and Frederick G. 
Coqueron of the Chase National Bank, 
in their Thirty Company. Study com 
puted that last year stockholders of 
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these companies took only slightly 
more than one-third of the profits, 
leaving virtually two-thirds for rein- 
vestment in their respective enter- 
prises. 

Consequently, the cost of replace- 
ments in excess of depreciation al- 
lowances and of plant expansion is 
provided for by the stockholders 
through foregoing a dividend return 
that rightfully belongs to them. In 
other words, the stockholders are will- 
ing to reinvest a large portion of a 
company’s earnings in the hope of 
future profits through increased vol- 
ume, and to safeguard their original 
investment through maintaining the 
dynamic structure of the enterprise. 

While capital funds may be secured 
in various ways, capital itself cannot 
be created except through savings, 
that is, expending less than is pro- 
duced or earned. It is a fundamental 
concept that corporate enterprise to 
survive in the long run must create, as 
a result of its operations, the capital 
necessary to effect its reproduction. 
Therefore, the higher degree of in- 
ternal creation of capital, the sounder 
the industry is generally, and the 
greater its stabilizing influence on the 
entire economy. Traditionally, the oil 
industry has generated most of the 
capital needed for its expansion over 
the years. 

Entirely aside from the historic 
practice of the industry, current rates 
of taxation and credit restrictions 
place limitations on the availability 
of outside financing. 

But irrespective of whether funds 
come from within or from outside the 
industry, a level of profits commens- 
urate with the capital funds needed to 
meet demand is essential to obtain 
them. Loans must be repaid, and ad- 
ditional stock issues require additional 
earnings in order to maintain the 
value of the securities. 

If the level of profits is not commens- 
urate with the need to meet demand. 
then the expansion essential to meet 
that demand cannot take place. As 
long as the forces of supply and de- 
mand, operating in a free market 
place, are left unrestricted (except by 
the free choice of consumers), the in- 
dustry can generate the means of meet- 
ing the demand of these consumers. 

But this is not possible should arti- 
ficial controls be imposed on the free 
market. Should the federal govern- 
ment sharply increase taxation of cor- 
porate profits, radically reducing their 
net income, then the means for ex- 
panding the oil industry would be 
hobbled and to the extent that this 
takes place, needed expansion would 
have to be deferred or abandoned. 
The result would be a continued tight 
supply-demand situation, Prices would 
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go higher unless controlled by gov- 
ernment. 

Imposition of governmental price 
controls, however, would most cer- 
tainly limit or reduce the output of 
high cost or marginal producers. In 
fact, it would, by destroying incent- 
ives, adversely affect all production. 
The mere threat of such action last 
winter caused deferment of many 
drilling programs, until the danger 
had passed. 

Meanwhile, unless steps are taken 
toward limiting the national credit 
and money supply, demand for oil 
would remain as great and pressing 
as now. In the end the government 
would be forced to ration oil prod- 
ucts, which in volume would grow 
less and less, The result would be that 
everyone concerned would be hurt, 
particularly the consumer. 

As a matter of fact, oil industry 
profits in 1946 and 1947, were not out 
of line with pre-war net earnings when 
reduced to a per cent of the sales dol- 
lar. This is illustrated by the net earn- 
ings per dollar of sales of the Pogue- 
Coqueron Study of Thirty Companies 
from 1934 to last year. Peak earning 
years were 1937 with 11.9 cents; 1947 
with 11.6 cents; and 1941 with 10.9 
cents. Earnings statements this year 
indicate a somewhat higher ratio of 
return for 1948 but the specific data 
will not be available until the year 
ends. Of course, none can say how 
long such a ratio will be sustained. 

And now, in conclusion, to those 
who would challenge our operations, 
let us make crystal clear these points: 

1. An excess supply of money in 
proportion to production, resulting 
from loose monetary policies, is re- 
sponsible for spiraling demand for 
most commodities and consequent in- 
flationary prices. 

2. This general economic condition 
is the basic cause for an unprecedented 
postwar demand for petroleum prod- 
ucts, although increased population, 
desirability of products, and price dis- 
parities also have been factors. 

3. Per capita consumption of oil 
products in the United States since 
1941 has increased about 34 per cent, 
thus raising living standards. 

4. This demand, outrunning the 
supply of petroleum products, has re- 
sulted in crude oil prices more than 
doubling since 1941, although product 
prices to consumers have not risen 
nearly as much. 

5. Despite sharp increases, crude 
oil prices have lagged behind prices 
for other raw materials and retail pe- 
troleum product prices taken together. 
have lagged behind the Consumers’ 
Price Index. 

6. Increased prices for crude oil 
have greatly stimulated exploration 


and drilling, have stepped up supplies 
from secondary recovery sources, and 
have increased over-all production to 
peak levels. 

7. The petroleum industry thus has 
been a leader of industrial expansion, 


having increased output substantially - 


more than other major industries since 
1941. 

8. Increased prices and capacity 
sales volume together have more than 
doubled oil industry dollar profits 
since the end of the war, but last year 
only one-third of these profits was 
paid to stockholders. 

9. Profits reinvested in the oil in- 
dustry have made possible a $4,000,- 
000,000 capital expenditures program 
for 1947-48—a rate twice that of the 
war years and almost three times that 
of the pre-war period. Without such 
profits this would not have been pos- 
sible. 

10. This program provides for the 
replacement of existing plants con- 
structed and developed prior to the 
war at costs about one-half of what 
they are today, thus making it possible 
for the industry to maintain output. 

11. Included also in this program 
is an expansion of facilities for in- 
creasing supplies needed to meet de- 
mand and to set in motion forces that 
make for increased competition and 
lower prices. 

12. With this utilization of profits. 
the oil industry, can, and is satisfying 
the desire of the American people for 
oil products and a better standard of 
living. 

This, I submit, is competitive en- 
terprise in action. When told to the 
American people it will appeal to them 
for they believe in it as a system 
superior to all others. 

Today we face the danger of having 
imposed on us a collectivist economy 
in the form of measures disguised as 
mere remedies for current and tem- 
porary ills. Beguiling voices are call- 
ing the American people to turn their 
backs on a free, competitive market 
place and put their faith in govern- 
ment controls that can lead only to 
the police state. If we yield to these 
siren voices, they shall lead us to the 
destruction of that individual op- 
portunity and freedom of choice 
which is the foundation of our na- 
tional well-being. 

Let us, with all our hearts and 
strength, with facts and truth, before 
it is too late, point out to the Ameri- 
can people that a competitive, pro- 
gressive petroleum industry, operating 
in a free market place, will best serve 
their welfare by providing to the con- 
suming public and to the Armed Serv- 
ices adequate supplies of petroleum 
products, at reasonable prices, now 
and in the years ahead. kate 
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Production Among Pools and Within Pools 


Abstract 


Present practice in allocation of 
production among and within pools in 
the principal oil-producing states is 
reviewed briefly. Factors now used 
are compared to recommendations 
previously published by API commit- 
tees. Although no detailed evaluation 
of factors is attempted, some ge neral 
comments on the effect of such factors 
in allocation formulas, and on general 
trends, are included, 


History 


Tue API Special Study Committee 
on allocation of production and well 
spacing and its predecessors have 
from time to time issued progress re- 
ports and have sponsored papers in 
which factors that might be used for 
the allocation of production were 
mentioned, suggested, and recom- 
mended. Other factors, after study. 
have been found unsuited for such use. 

In 1933-34, under the title “Essen- 
tial Engineering Factors in the Allo- 
cation of Production,”!* a progress re- 
port was issued in which the following 
factors were reviewed: 1, Productiv- 
ity; 2, Acreage: 3, Bottom-hole Pres- 
sure: and. 4. Sand Thickness. Some 
skeleton formulas having possible use- 
fulness for allocation within pools 
were cited as illustrations, but no spe- 
cific formula was recommended. 

A progress report’ dated 1938 men- 
tioned what, under modern parlance. 
would be referred to as maximum efhi- 
cient rate (MER) for the field 
whole. Ratable withdrawals and allo- 
cation so designed as to prevent 
drainage across property lines were 
recommended. This report con- 
demned “per-well” potential as a fac- 
tor in allocation. 

In 1940 the committee discussed in 
a progress report® such factors as: 1. 
Reserves: 2. Market Demand: 3. 
Wells; and, 4, Depth, which might be 


used in determining allocations be- 


*Paper presented to a Division of Produe- 
tion Group Session during the 28th Annual 
Meeting of the American Petroleum Institute 
n the Stevens Hotel, Chicago, Illinois, Novem- 
ver 9, 1948. 

*The Atlantic 
Texas. 

tFigures refer to References at end of ar- 
icle. 


Refining Company, Dallas, 
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tween states and fields within states. 

In 1941* these same factors were 
again mentioned, with the addition of 
“MER” and the recognition that 
acreage in itself is some measure of 
reserves. 

The latest published progress re- 
port, titled “Standards of Allocation 
of Oil Production Within Pools and 
Among Pools.” was issued in 1942: 
and, in discussing allocation within 
pools. such — as 1. Acreage; 2. 
Thickness: | Bottom. hole Pressure: 
1. Potential: aw >. Wells, were men- 
tioned. The use of wells alone was 
condemned. unless specifically asso- 
ciated with a uniform well spacing. 
So, too. was “potential” as a factor 
questioned, although its use might be 
required by statutes in some states. 
For allocation among pools within 
any state such factors as mer. mar- 
ket demand, reserves, and depth were 
again mentioned, and recommenda- 
tion made that such allocation be on 
some definite plan. 

Summarizing, then. this committee 
has from time to time mentioned the 
following possible factors which 
might be used in a proration plan: 

1. Productivity—in early 
not now recommended. 

2. Acreage. 

3. Bottom-hole pressure. 

>) 


reports: 


Sand or pay thickness. 

5. Reserves. 

6. Market demand. 

7. Depth. 

8. Wells—rejected unless provision 
made for uniform well spacing. 

9. Potential —rejected as unsound. 

10. MER. 

Of all these factors enumerated. 
present engineering thought would 
eliminate or greatly lessen the effect 
in allocation plans or formulas of pro- 
ductivity, wells, and potential. 

It is interesting now to survey con- 
ditions in the various oil-producing 
states to learn to what extent these 
various factors are being used. Such 
use is a measure of the degree of ac- 
ceptance by the states, and also by the 
industry. of the engineering principles 
involved. Although it is true that the 


various regulatory bodies and_ the 
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legislatures of the states formulate the 
rales, laws. and legislation upon which 
the various proration plans are based. 
there is, nevertheless. an observable 
tendency for those bodies to reflect a 
majority opinion of the industry as a 
whole: and. certainly. 
unanimity within the 
the legislation and 
mately conform 
such opinion. 

The following review of proration 
and allocation practices in the princi- 
pal producing states is based on in- 
formation supplied by members. of 
the API Special Study Committee on 
allocation of production and well 
spacing. It reflects overall practices in 
each state. and should not be = con- 
sidered statistically correct on any 
specific date. . 


REVIEW BY STATES 
Arkansas 


MER and market demand are the 
factors used in allocation among pools 
within the state. A study by B. J. 
Dowd* late in 1947 of 34 prorated 
fields showed six different combina- 
tions of factors. as shown in Table 


when there is 
industry. then 
regulations ulti- 
large measure to 


California 
R. E. Loeck# and William R. Ward- 
ner. Jr..f have summarized allocation 
sninahiowe in California. 
Distribution between pools: Under 
a voluntary program, “the Conserva- 
tion Committee of California Oil Pro- 


*Union Producing ¢ Shreveport, 
Louisiana. 
*California Research C 
ciseo, California. 
tManager, Conservation Committee of Cali- 


ompany, 


poration, San Fran- 


fornia Oil Producers, Los Angeles, California 
Number Per 
Allocation method of fields ses 
Wells 99 64.7 
Acreage bottom-hole pressure B 147 
Reserves (volumetric , eg 
Acreage (with gas-oil ratio s 
limitation of 3,500 to | » FG 
Wells — reserves , 24 
Acreage | 2 4 
4 100 
Except as noted, all field allowables are adjuste | for 
gas-oil ratios in excess of 2,000 to I 
23 fields use well allowable; 8, acreage; 4, reserve 


and 1, bottom-hole pressur 












ducers,” elected by the operators, de- 
termines MER’s monthly, which limits 
production in flush pools. The com- 
mittee does not consider market de- 
mand or allocate production as such 
to pools. 


Allocation within pools: A general 
formula and many special formulas 
include as factors: acreage, wells, 
thickness of pay, MER, pressure, and 
productivity index. Suitable correc- 
tion factors are used for formation- 
volume factor, gas-oil ratio, and mar- 
cinal or minimum credits in the de- 
termination of which depth is a factor. 
Most of the factors are used as multi- 
pliers rather than as additives, except 
that in many instances one-half of the 
pool’s MER is divided on the basis 
of wells alone, and the other half on 
the basis of a formula. 


In 1947, of 156 pools defined as 
having such characteristics that loss 
of ultimate yield will result from 
capacity production, 66 used a so- 
ealled “general formula.” With it a 
minimum allotment is guaranteed to 
each well in the pool. The quantity 
increased with depth. The relative 
capacity, or maximum good operat- 
ing rate, of each well is estimated and 
the remainder of the pool MER [i.e., 
MER less minimum allotments] is 
distributed to wells on the basis of the 
relative capacity (potential). In some 
eases a power factor less than one is 
applied to suppress large differences 
in relative capacity. The minimum al- 
lotment guaranteed is 1 bbl per day 
per 200 ft of depth to 1000 ft, then 
adding cumulatively 1 bbl per day for 
each 100 ft of additional depth—but 
no well to receive less than 10 bbl per 
day if capable of that production. 


In 19 pools of this class which in- 
volve single-company or unit opera- 
tions, only MER is assigned to the 
pool, and production distribution to 
the individual wells is left to the op- 
erator. Other pools use factors in the 
formulas shown in Table 2. 


TABLE 2. 





Number 
Factor of peols 
Wells ; 12 
Acreage 16 
Sand thickness 14 
Bottom-hole pressure 7 
Gas-oil ratio x 10 
Formation-volume factor 15 
Productivity index 1 
Water cut : 2 
Pop well limits; 
Oil, barrels per day 35 
Gas, MCF per day 39 


In general, two or more of the fore- 
going listed factors are used in com- 
bination in an intrapool formula. 
depending upon individual pool char- 
acteristics and equity considerations. 
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Kansas 


Allocation between pools: Produc- 
tivity and acreage are used for fields 
whose total productive capacity is 
greater than market demand. Alloca- 
tion is automatic, to a large degree, 
through a log-graph procedure. 


Allocation within pools: Largely on 
the basis of productivity and acreage: 
however, not more than 30 acres can 
be allocated to any one well. 


Louisiana 


Dowd indicates that allocations by 
the Department of Conservation 
among pools within the state are based 
on depth, each field being given a 
maximum allowable determined by 
wells times depth allowable. The table 
of depth allowables is as follows: 


Depth (ft. Pre-well 

allowable 
Oto 2,000 76 
2,000 to 3,000 90 
3,000 to 4,000 109 
4,000 to 5,000. ; 128 
5,000 to 6,000 151 
6,000 to 7,000 177 
7,000 to 8,000 P 204 
8,000 to 9,000 228 
9,000 to 10,000 261 
10,000 to 11,000 ‘ 295 
11,000 to 12,000 , ‘ 330 
12,000 to 13,000 365 
13,000 .... 410 


The base allowable of the field may 
be further prorated among wells 
within the field by methods indicated 
in Table 3, which applied to 198 pro- 
rated fields in late 1947. 


Michigan 

W. B. Berwald.* under date of Oc- 
tober 1947, reports: 

“Regulation of oil production is by 
state regulatory bodies with the as- 
sistance of an advisory board to the 
supervisor of wells and of individual 
operators themselves. Natural-gas pro- 


*The Oil Company, Findlay, Ohio. 





duction is regulated by the Michigan 
Public Service Commission, and is 
separate from oil regulation pro- 
cedure. Inasmuch as a consideration 
of physical waste is the only statutory 
authority for the regulation of oil pro- 
duction, and as demand for oil has 
generally exceeded supply, coopera- 
tion of the various parties participat- 
ing in the regulation of production 
has resulted in individual field rates 
as high as possible without waste. 
With perhaps a few exceptions, alloca- 
tion between fields has been unneces- 
sary, except possibly to make per-well 
allowables more uniform in prorated 
fields. Allocation to individual wells 
has been on a per-well basis; and, as 
spacing regulations have been strictly 
enforced, allocation has been equiva- 
lent to acreage allocations. There has 
never been any modification of well 
allowables for potential, sand thick- 
ness, structural position, or other fac- 
tors. During the war, when spacing 
was changed from 20 acres to 40 acres. 
the 40-acre well allowables were 1.75 
times the 20-acre well allowable. In 
view of the limited supply. and to en- 
courage exploratory drilling, discov- 
ery wells are not prorated so long as 
there is no physical or market waste. 
Several wells may be drilled in a new 
field before official proration orders 
are issued.” 
Mississippi 

During 1948 legislation became ef- 
fective creating a Mississippi State Oil 
and Gas Board. This five-member 
board has the power to hold hearings. 
issue and enforce rules and regula- 
tions adequate to prevent waste, and 
also fairly and equitably to allocate 
production among pools and within 
pools. The members of the board are 
appointed—three by the governor. 
one by the lieutenant governor, and 
one by the attorney general of the 
state. 








TABLE 3. Probable fields for which allocation orders have been written. 





December 23, 1947 
LOUISIANA 


Allocation method 


Basic(depth bracket only 

Acreage Sie’ 

Well and acreage. . . 

Acre-pounds. . . . 

50 per cent acreage and 50 per cent potential 

50 per cent acre-pounds and 50 per cent potential 

50 per cent well and 50 per cent bottom-hole pressure 
University Field (see Table 4) : 


Allocation method 
Acreage... . ’ 
Acreage and potential (per cent varies with lifting methods 
Basic. 
Special (in exception to order No. 45-1) 








TABLE 4. University field—allocation 


Number of fields Per cent of fields 


160 80.9 
26 13.1 
2 1.0 
i 3.0 
1 0.5 
1 0.5 
| 0.5 
1 0.5 

198 100 


|S 


methods by sands. 





Number of sands Per cent of sands 


5 41.67 
1 8.33 
5 41.67 
1 8.33 
12 100.00 
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At this writing (September 1948) 
statewide rules and regulations and 
proration orders have not as yet been 
published, so that the actual factors 
which will be used in allocation are 
not known. However, the law creating 
the board specifically prohibits the 
use of market demand as a method of 
allocation to the various pools and 
fields or to the tracts within a pool. 

Preliminary proposals indicate that 
acreage will be an important factor in 
allocation within pools, and that MER 
is being considered as a major factor 
in allocation among pools. 


New Mexico 


Allocation between pools: The over- 
all state allowable for New Mexico is 
determined by the Oil Conservation 
Commission, which consists of the 
governor, state land commissioner, 
and the state geologist. It determines 
this allowable largely on the basis of 
market outlet and market demand. 
and is reported also to consider the 
ability of the various pools to produce 
without excessive waste. Jt is not clear 
how this latter factor is determined. 

Fields in the northwestern portion 
of the state are permitted to produce 
without restriction. Fields in Eddy, 
Lea, and a portion of Chaves Counties 
are subject to proration which works 
automatically once the overall state 
allowable has been determined. Total 
marginal production from wells in- 
capable of producing the daily state 
top allowable within their depth 
bracket is first determined from pre- 
vious production reports and nomina- 
tions, and is deducted from the total 
state allowable set by the commission. 
The remainder is divided by the num- 
ber of 40-acre units capable of mak- 
ing their allowables, and this quotient 
then becomes the daily state top allow- 
able. In addition, a depth factor is in- 
troduced which modifies the allowable 
for deep pool units. Table 5 gives 
these proportioning factors. 

The allocation to any pool, there- 
fore, becomes the total number of top 
allowable producing 40-acre units 
times the daily state top allowable 
(modified by the depth factor if pro- 
ducing below 5000 ft) to which is 
added the marginal allowables from 
those wells unable to make top allow- 
able. 


TABLE 


Proportional 


Below 10,000 to 11,000 
Below 11,000 to 12,000 


Pool depth range (ft factor 
From 0 to 5,000 1 00 
Below 5,000 to 6,000 1.33 
Below 6,000 to 7,000 1.77 
Below 7,000 to 8,000 2 33 
Below 8,000 to 9,000 3.00 

Below 9,000 to 10,000 3 

4 

5 


‘ 
6 
67 
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The only factors used in interpool 
allocation are producing acreage and 
depth. 

From an engineering viewpoint, 
the use of only these two factors might 
be seriously questioned, however, in 
practice the system has worked well 
and the operators as a whole have been 
well satisfied. Wide spacing and rela- 
tively low allowables have been effect- 
ive in preventing any glaring in- 
equities, 

Allocation within pools: Within any 
one field, adjustments are made for 
high gas-oil ratio, and such wells are 
penalized. The penalty oil is re- 
allocated within the same field to 
other wells capable of producing it 
without excessive ratios. 

Some fields have intrapool alloca- 
tion formulas which have factors other 
than “producing units” (acreage). In 
Monument Field the allowables are de- 
termined 80 per cent on acreage and 
20 per cent on bottom-hole pressure in 
excess of an average base. In Hobbs 
Field the factors are 80 per cent acre- 
age and 20 per cent on the actual ob- 
served bottom-hole pressures. In most 
of the other fields except for the gas- 
oil ratio adjustment, allocation to the 
individual units is on the basis of acre- 
age alone. 

Spacing has given little or no prob- 
lem in New Mexico, the 40-acre pro- 
ration unit having been established 

early, and only in very shallow pools 
has there been any drilling at greater 
density than one well to 40 acres. 

As indicated previously herein, al- 
though the proration system may not 
be so well designed from an engineer- 
ing standpoint as might be desired, it 
has proved to be satisfactory to the 
operators. Its automatic feature has 
made it possible for each operator to 
calculate what his allowable will be, 
and the depth allowable has encour- 
aged the exploration for and develop- 
ment of deep production. 


Oklahoma 


H. H. Kaveler* contributes the in- 
formation on Oklahoma: 

“Establishment of pool allowables: 
Pools in the state of Oklahoma are 
classified as ‘allocated’ ‘non-allo- 
cated.’ There is no minimum well al- 
lowable fixed by law in the state. 
Each month the Corporation Com- 
mission, upon hearing, determines 
both the current market demand for 
oil and gas, and the amount of that 
demand that can be produced without 
waste and without unreasonable dis- 
crimination between allocated pools. 
In fixing daily production of an al- 
located pool in any month, the pro- 
ceeding does not take the form of 


*Phillips Bartlesville, 


Oklahoma. 


Petroleum Company, 


Annual, 1949 


fixing a ‘MER’ rate as such. The allow- 
ables each month are determined by 
conditions currently existing. 

“Allocation within pools: Produc- 
tion is allocated to individual wells 
under the general rules of the Cor- 
poration Commission. Factors con- 
sidered in determining the allowables 
of individual wells within a pool are 
‘per-well,’ potential, productivity in- 
dices, acreage in the drilling unit, 
thickness of pay zone, bottom- hole 
pressure, producing gas-oil ratio, and 
producing water-oil ratio. Practically, 
every allowable is based upon the fix- 
ing of a basic allowable, subject to a 
limiting gas-oil ratio—with the order 
written in such manner that produc- 
tion is permitted daily up to a fixed 
number of barrels of oil, or fixed num- 
ber of cubic feet of gas, whichever 
first occurs. 

“Since most of the pools in the state 
are uniformly spaced under the pro- 
visions of the well-spacing law, allo- 
cation for all practical purposes 
amounts to allocation on a drilling- 
unit acreage basis except for wells 
penalized for excessive gas-oil ratio or 
water-oil ratio. 

“Features of Oklahoma conserva- 
tion practices: The Oklahoma law 
will for the fixing of drilling units 
of uniform shape and size, with wells 
drilled thereon on a uniform pattern 
throughout the pool. After the Cor- 
poration Commission (upon hearing ) 
finds and orders a spacing program, 
the separate ownerships, both work- 
ing-interest and royalty-interest, in 
each drilling unit so fixed, are auto- 
matically consolidated—with the com- 
mission given the power and authority 
to fix the termination of the ‘operat- 
ing agreement’ between the parties in 
the event the parties cannot mutually 
agree thereto. The reasonable and con- 
structive administration of this statute 
has done much toward effecting a 
greater measure of conservation prac- 
tice, and has minimized the drilling 
of unnecessary wells in the state. 

“An effective provision of the re- 
vised spacing law is the provision that 
prohibits the drilling of any well into 
any common source of supply during 
the period that an application for spac- 
ing is pending before the commission, 
except that such wells be drilled after 
hearing and the granting of an excep- 
tion by-the commission. 

“Oklahoma has given much atten- 
tion to gas conservaig. This is ac- 
complished by fixing gas-oil ratio 
limitations in all newly discovered 
fields and in many of the older fields. 
The conservation of gas is also effect- 
ively accomplished under a general 
rule of the commission that all “dis- 
covery wells’ are automatically granted 
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Squares indicate present and 
proposed compressor stations, 
those in red powered all or 
in part by Cooper-Bessemers 
now installed or on order. 








Southern Natural Gas Company's expe- 
rience with Cooper-Bessemer compressors 
dates back to 1929 when their first Cooper- 


"ime 


Bessemer horizontals were installed—units Cooper-Bessemers on the Southern Natural 
that are still in service. However, with the line total 43,970 horsepower, 33,800 of it 
development of the GMYV, in 1935, South- provided by GMV’s, and with an addi- 
ern Natural met their new, expanding tional 22,000 GMV horsepower now on 
needs with these modern V-angles ... the way! 


saved space, housing and operating costs, 
gained the simplified, low-cost mainte- 
nance and easy control for which GMV’s 
are so well known. 


Yes, “a good thing bears repeating”, and 
you'll find this to be the case with GMV’s 
on line after line. It's the best kind of 
evidence that with GMV’‘s you can count 
As the line continued to grow, more and on outstanding performance year after 
more GMV’‘s were installed. Today, year. 








Se a | ee 


by Cooper-Bessemer 


MOUNT VERNON, OHIO AND GROVE CITY, PENNA. 


as! Houston, Dallas, Greggton, Pampa and Odessa, Texas Tulsa Shreveport St. Louis Los Angeles 
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a ‘discovery allowable’ of 150 bbl per 
well daily of oil, or 500,000 cu ft of 
gas daily, whichever is first produced. 
Such discovery allowable remains in 
effect for a period of 60 days from 
the date of first production—after 
which it is automatically terminated, 
unless the operators present to the 
commission, in hearing, evidence upon 
which an allowable can be fixed after 
that 00-day périod-Such @ discovery 
allowable rule encourages the operator 
to obtain basic and essential informa- 
tion on discovery wells to the point 
that a conservation program can be 
designed from the beginning of pro- 
duction. ; 

“The Corporation Commission in 
recent orders has adopted the principle 
of fixing allowables as ketween tracts, 
on the principle of grantjag “equiva- 
lent volumetric withe s from the 
reservoir to .each separate drilling 
unit. This, in fact, is the principal 
factor in setting the limiting gas-oil 
ratio which fixes the niaximint pro- 
duction from any allocated drilling 
unit. 

“The state of Oklahoma continues 
to lead in the adoption of effective 
conservation ‘practices. This is again 
demonstrated in the ‘pool unitization 
law,’ created by House Bill 339 of the 
1945 legislathre. Under this statute 
the commission, upon hearing and 
upon finding in the absence of veto of 
the order by 15 per cent ownership in 
acreage, may order the unitizéd man- 
agement and operation’6f any com- 
mon source of supply when it is found 
necessary properly to utilize reservoir 
energy and to obtain the maximum 
ultimate recovery. 

“On July 28,.1947, the Oklahoma 
Corporation Commission, acting un- 
der House Bill 339-of the 1949 legis- 


lature, approved a plan of nitization . -. 


for the West Edmond Hunton Lime 
Field. The West Edmond Hunton Lime 
Unit operation became effective Oc- 
tober 1, 1947. It was followed by the 
formation of the West Cement Me- 
drano Unit op December 1, 1947, and 
by the Southwest Antioch Gibson Sand 
Unit on April 1, 1948,%and by ‘tlie 
eranting of an order forming the Chit- 
Unit effective on March 29. 


wood 


1948. Each of thesé unit “opérations ~ 


will substantially increase ultimate re- 
covery of oil. and ace omplish the con- 
servation of a large reserve of gas.’ 


Texas 
lr. A. Huber 


r *% . . . : 
7. or* rev a detailpres 
é nt trends in allocatic 1 “PRs 


‘Allocation am@ng ge pools: 
fexas Railroad Commission, a, ‘body, 
of three elected commissioners,¥ 
lates production in the state. For the 


*Humble Oil and Refining Cpntthing: Hous- 
ton, Texas. 
’ & 
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more important fields, MER is the con- 
trolling factor in allocation to pools. 
Allocations are essentially on a uni- 
form percentage basis of field MERs. 
For the smaller fields on which the 
Railroad Commission has not set 
MERs, the old ‘yardstick’ of depth and 
acreage still applies to a considerable 
extent. MERs are determined after 
Railroad Commission hearing at 
which all operators have the opportun- 
ity of presenting evidence. New wells 
in new fields continue to have discov- 
ery allowables that are dependent 


upon depth and MER. 


‘Fhe Railroad Commission in estab- - 


lishing MERs has held public hear- 
ings for the stated purpose of deter- 
mining. ‘the highest productive 
capacity that can be obtained without 
causing preventable waste.’ The com- 
mission has required the submission 
of daa on reservoir pressure, gas-oil 
ratiogsalt-water production, and rate 
of oif production; these data to reflect, 
whete available. average reservoir 
values for each reservoir, and prefer- 
ably to be submitted for periodic in- 
teryals during the producing life of 
the reservoir or, at least, to cover peri- 
odié intervals during the immediately 
precedings four years. It is further 
suggested that additional information 
on each’ reservoir within a field, such 
as average porosity, average permea- 
bility, type of energy drive, and pro- 
ductivity indices be furnished if avail- 
able. — 

“The commission suggests that op- 
erators in each field confer with each 
other so that such data may: he: as- 
sembled and presented with respect to 
reservoirs as a whole rather than with 


“¥espect’ to particular leases, and that 


one operator be appointed to submit 
such reservoir data at the hearing. 


‘Each operator, however, is requested 


to submit his own recommendation as 
to the maximum efficient rate of pro- 
duction. 

*Of the 1214-fields included in the 
Railroad. Commission. September, 
1947 schedule, 483 (40 per cent) have 
been assigned MERs by the commis- 
sion. The sum of the MERs for these 
fields, and including the East Texas 
Field, amounted to 
compared with the state of Texas Aug- 
ust daily average production of 2,300.- 
000 bbl, or 88.7 per cent of the pro- 
duction. The MER total includes rates 
for a number of stripper fields that 
Were established at or near their pro- 
jve..capacity, but which account 


Yor only a veryssmall portion of the 


otal MER. 

“Allocation within pools: Table 7 
‘Lists the various methods of intrapool 
allégatian in effect in 372 Texas fields 
fort which allocation formulas have 


2.047.000 bbk: - 





x = r 





TABLE 6. 
Acreage in formula Number of 
Per cent) fields 
25 ; , ‘ 8 
3314 oan ‘ seans 7 
Ee dlellaenn esas 177 
_. Ee alate ails.iae odueinoaem : : 4 
6628 SSeS cele eet Atma ehéints 2 
75 Swerwes Spm Trey 116 
100 es err yer : 36 








been prescribed. For these fields, there 
has been only one order prescribed 
since January, 1943 that did not give 
50 per cent or more credit to acreage. 
Only 2 formulas have been used dur- 
ing 1946 and 1947, Viz., 50A + 50W 
and 75A + 25W. These 2 formulas 
accoumt,.respectively, for 63 (50 per 
cent) and 57(45 per cent) of the total 


~of 126 allocation orders.-prescribed 


since January, 1943. It is noteworthy 
that foy only 15 of thé 372 fields there 
is given no credit for acreage. Omit- 
tipg 7 fields with shghtly “different 
bases of allocation, the distribution 
in order of credit given to acreage is 
as in Table 6. 
“The remaining credit was distrib- 
gen in meyes proportions among 
vells, ‘bott)m-hole pressure, and po- 
tential factors—with the well factor 
predominating. Considering the form- 


‘ulas adopted during the past few 


years, it appears that acreage and 
other such volume factors are at least 
holding their own or gaining slightly 
in consideration. 


“Although there has been a trend 
away from the use of potentials as a 
basis for allocation, with two formulas 
employing potential factors rescinded 
during 1947, there are still three based 
wholly on potential, and 47 others in- 
clude a potential factor. Twelve fields 
use bottom-hole pressure in the alloca- 
tion formula. Among the miscellane- 
ous categories are one field allocated 
on the basis of reserves and one each 
having factors for depth and acre-feet. 
The usual consideration is given to 
marginal and high gas-oil ratio pro- 
ducers, and suitable corrections made. 


“Important changes and decisions 
affecting allocation formulas: During 
1947 .several decisions and innova- 
tions in allocation formulas took place 
which may have an important bear- 
ing on future formulas. Noteworthy 
were: a, the adoption of formulas at 
Stratton and Old Ocean which permit 
owners of gas caps overlying oil zones 
to have current income without dis- 
sipation of the gas cap before the oil is 
recovered; and, b, the Hawkins pro- 
ration suit to obtain relief from drain- 
age of oil to a densely drilled townsite. 


“Stratton allocation order: The 
Bertran and Wardner oil reservoirs of 
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O FACTOR USED IN ALLOCATION WITHIN POOLS 


® IF ALLOCATION 1S TO WELLS - ON UNIFORM SPACING — EFFECT 1S SAME AS ALLOCATION ON BASIS OF ACREAGE 
XM FACTOR USED IN ALLOCATION AMONG POOLS WITHIN STATE 


Note: An X should be shown in the ‘wells’ column opposite Kansas. 


FIG. 1. Allocation factors used in various states. 

















this field have large gas caps which 
have been cycled for a number of 
years. A unique proration order has 
been adopted for these reservoirs in 
an attempt to promote conservation 
by preventing dissipation of the large 
gas caps and at the same time to pro- 
mote equity by permitting owners of 
gas-cap properties to secure current 
revenue. For oil operations, the order 
provides that ratios in excess of the 
solution ratio be penalized, and it 
requires return of all produced casing- 
head gas to the formation before the 
penalties are completely removed. For 
gas operations, the order permits pro- 
duction calculated to result in reser- 
voir voidage per acre of gas cap equal 
to the reservoir voidage per acre of 
the oil zone. It is further provided 
that the Railroad Commission may 
permit voluntary conversion of the gas 
allowable so calculated to an oil al- 
lowable on an equivalent value basis. 
plus sufficient additional oil to com- 
pensate for the cost of lifting the oil 
if produced on the same lease, and 
also to meet royalty payments if pro- 
duced on different leases. This ordet 
is in addition to that under which 
cycling operations are being con- 
ducted. 


“Old Ocean allocation order: Cy- 
cling and oil-production operations 
are under way, with both the oil and 
gas interests of the operators being 
unitized. A Railroad Commission 
order issued August 20, 1947. for the 
Armstrong and Chenault sands of this 
tield follows, in general, the pattern of 
the Stratton order but, in addition. 
provides that: 


“1. Allowables of high gas-oil ratio 
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wells may, at the election of the op- 
erator and with approval of the Rail- 
road Commission, be transferred to 
any other well or wells producing from 
the same reservoir on any lease op- 
erated by himself or by other op- 
erators. 

*2. Gas allowables of gas-cap wells 
subject to Railroad Commission ap- 
proval may be transferred to any other 
gas-cap well producing from the same 
reservoir on any lease, whether op- 
erated by himself or others. 

“3. A bonus allowable not exceed- 
ing one-tenth of the basic allowable 
will be given for injection of extrane- 
ous gas to the gas cap.” 

“*M. H. Dubrow* points out that 
Hildreth (No. 2 conglomerate unit) 
Field in Montague County, Texas, has 
operated under an order since Decem- 
ber 1, 1946, which permits the entire 
daily oil allowable of the pool to be 
produced from the most efficient wells. 
The entire area of the unitized gas- 
injection project was considered to be 
one lease; This is thought to be one of 
the earlier orders which permitted 
transfer of allowables so as ultimately 
to benefit the entire pool and to allo- 
cate production to wells within the 
unitized area on the basis of engineer- 
ing factors.’ 

:““Hawkins proration suit: The allo- 
cation formula adopted by the Texas 
Railroad Commission for the Hawkins 
Field credits 50 per cent to acreage 
and 50- per eent to wells, with the 
further provision that a well on 20 
acres(the proration unit adopted by 
the commission) will not produce 


*Continental Oil Company, Ponca City, Ok- 
lahoma, personal communication. 


more than twice the allowable of a 
well on less than one acre. With the 
exception of the Hawkins townsite, 
the field is drilled on a 20-acre pat- 
tern. In the townsite, an area of 73.7 
acres contained 87 wells at the time of 
the suit. The formula allowed these 
87 wells to produce 4147 bbl daily, or 
9.3 per cent of the field allowable, 
although the 73.7-acre area contained 
only 1.5 per cent of the recoverable 
oil in the field. 


“In the suit, a large operator and 
some owners of royalty in large tracts 
sued to enjoin enforcement of the 
formula upon the ground that it re- 
sulted in confiscation of their oil. 
Trial before jury in the district court 
resulted in a judgment decreeing the 
formula to be confiscatory and, there- 
fore, invalid. However, the Austin 
Court of Civil Appeals reversed the 
lower court’s judgment and upheld 
the formula. The appellate court held 
that. although the formula undoubt- 
edly resulted in the drainage of plaint- 
iff’s properties, that fact was not 
enough to invalidate the formula, be- 
cause the plaintiffs were compensated 
for the loss of oil by ‘savings’ which 
flowed from the 20-acre spacing rule. 
The court did not mention the royalty 
owners. The Texas Supreme Court and 
the U. S. Supreme Court have declined 
to review this decision.” (See Table 7.) 


. = 


TABLE 7. Proratable fields for which 
allocation orders have been written, 
state of Texas. 





Orders issued since 


Nov. 1, 1947 Jan. 1, 1947 


No. of Per Per 


Allocation method Fields cent fields cent 
s 3 0.81 
W+P 8 215 
M+P 3 0.81 
W-+depth 1 0.27 
A+B 1 0.27 
X+5 per cent A 1 0.27 
25A+75P 1 0.27 
25A+75W 7 1.88 
1gA+2eW 2 0.54 
14A+14P4+14W 2 0.54 
144A+14B+14W 3 0.81 
50A+30B+20W 1 0.27 
50A+50B 4 LOR 
5OA+25P+25W : 0.54 
50A+50P 24 6.45 
50A+50W 146 39.23 12 43 
60AP+40W 1 0.27 
60A+40W 4 1.08 
24AP+14W 1 0.27 
24A+14W 2 0 54 
75AB+25W 1 0.27 
75A+25P 5 1.34 
75A+25W . 110 29.55 16 57 
75A+25B 1 0.27 
AH+B 1 0.27 
100 A 36 9 58 
Reserves. ../gt- I 0.27 
Total 372 ~=100 00 28 100 


A =acreage. 

B =bottom-hole pressure 
H =sand thickness 

M =marginal. 
P=potential. 

W = well. 


X =basic allowable. 
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BEST BUY IN 
SNATCH BLOCKS 


ORGED STEEL HOOK : full 
swiveling and with extra “beef” 
at point of greatest stress. Spe- 
cial blunt tip prevents it catching 
on obstructions. 

7) 









F ... line cannot slip 
between sheave and shell and am- 
ple clearance is provided between 
sheave and hook assembly. 

(Patented) . . . permits 
fast, easy stringing without using 
end of line. Hinge plate drops into 
position when released and is secured 
by Acme thread wing nut. 
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tion hardened for resistance to wear; 
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sized” for precision fit between sheave 
and pin. 
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\WECO 


Wyoming 
and Other 
Rocky Mountain States 


Berwald’s comments follow: 


“Allocation of production among 
pools and within pools is essentially 
on a voluntary basis. Available oil 
production has often exceeded the de- 
mand and pipe-line outlet capacity. 
Production from individual pools has 
depended largely on market demand 
for the various types and grades of oil 
available. Allocation of production 
within pools has usually been on a per- 
well basis by voluntary agreement be- 
tween the operators. Many pools are 
on lands subject to supervision by the 
U. S. Department of the Interior or 
by the various states, and these agen- 
cies participate to appreciable extent 
in the regulation of production. How- 
ever, there is no legislation pertaining 
to regulation or allocation of oil or 
gas production in these states. Many 
pools are operated under unit plans, 
with acreage as a basis of participa- 
tion and production controlled to ob- 
tain efficient recoveries from the reser- 
voirs. In other pools, field allowables 
and well allowables are controlled by 
mutual agreement and cooperation be- 
tween operators. In most pools, how- 
ever, rate of production is as high as 
market demand and pipe line outlets 
will allow without excessive waste. 
Trends during the past two or three 
years have been toward more unit op- 
erations and more efforts to regulate 
production to obtain greater recovery 
efficiencies.” 


Summary 


It would appear that acreage as a 
factor in allocation has been recog- 
nized in all of the states which attempt 
to allocate production. In many in- 
stances it is used without any other 
qualifying factors, as in the case of 
fields which are prorated on 100 per 
cent acreage. The use of a single acre- 
age factor presupposes that all leases 
within a pool are underlain by the 
same quantity of oil per unit area. In 
most oil fields this would be an ex- 
ceptional condition. When wells alone 
are used, and when a uniform spac- 
ing is adhered to, allocation is the 
same as it would be on 100 per cent 
acreage. If uniform spacing is not 
prevalent, allocation on the basis of 
wells alone tends to result in produc- 
tion on the basis of the “rule of cap- 
ture” rather than to give to each op- 
erator his proportionate share of the 
“oil in place.” The use of wells in a 
formula is usually justified on the 
score that an operator should be en- 
titled to a return on the investment 
involved in drilling the well. When 
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this factor, however, becomes a sig- 
nificant percentage of the total alloca- 
tion, then it encourages the drilling 
of unnecessary wells, as has already 
been indicated, merely to obtain ad- 
ditional allowable. The final outcome 
is either a poorly distributed drainage 
pattern or the drilling of unnecessary 
wells by all the operators in the pool. 


Bottom-hole pressure as a factor in 
allocation is usually proposed as a 
means of avoiding undue pressure 
differentials between wells or leases, 
but the bottom-hole-pressure factor 
commonly employed is too small to 
prove effective in this regard. If the 
pressure factor is used in a formula as 
a multiplier rather than as part of an 
addition of factors, then its effect is 
more noticeable. 

Engineers in general have con- 
cluded that potentials are not a direct 
measure of reserves under a tract or 
lease; they are, moreover, difficult to 
determine in such a way as to avoid 
discrimination. Even though taken 
under standardized conditions, they 
result in waste and fail to give to each 
operator an allowable rate of produc- 
tion which will return to him currently 
his share of the “oil in place.” Its use 
in proration formulas is definitely de- 
creasing. 

Productivity index is used infre- 
quently in California and Oklahoma. 
and then only as a minor factor, 

Thickness of pay which, together 
with acreage gives a volumetric meas- 
ure in an allocation formula. is used 
only to a very minor extent at this 
time. Increased use of this factor 
would do much to give engineering 
completeness to many of the alloca- 
tion plans now in vogue. When vol- 
umetric formulas, either straight or 
modified, are used for allocation with- 

in pools in California, the “formation- 
volume factor” is included. In many 
other states an attempt is made to ac- 
complish the same volumetric with- 
drawal by regulations which control 
gas-oil ratios or total gas production, 
water production, etc. 

Inasmuch as the cost of a well is. in 
some measure, proportional to_ its 
depth, the use of the depth factor ap- 
pears justified, provided the resulting 
production is not in excess of efficient 
producing rates. However, some 
economists argue that allocation 
should not be influenced by cost: and 
that, if it is necessary to drill deep 
wells in order to maintain our crude 
supply, then the market price of ernde 
should reflect such added costs. This 
problem does not seem to be within 
the province of the engineer. and it 
appears that, under present conditions 
at least. depth might well be used in 
allocation of production between pools 
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UALITY in world famous 
W-S Forged Steel Fittings 
starts with proper selection of basic metals. Long before problems of 
forging, machining and testing arise, W-S technicians concern them- 
selves with end uses in the determination of proper steel analysis for 
the various jobs Fittings must perform. 
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to a greater extent than is now the 
case. 

Maximum efficient rate is used in 
allocation between pools usually in an 
indirect way, in that it limits produc- 
tion of a pool. Its use as a ditect 


method of allocation between pools ,: 
has been somewhat delayed by the 


lack of satisfactory ods for its 
determination in all types of pools. 
California’s determination and use of 
MER is outstanding. Texas now uses 
VER as an important factor in such 
allocation. 

Reserves, although not often used 


directly, have some reflection in MER; 
and, insofar as that factor is used in 
allocation, reserves are represented. 
Considerations other than engineering 
sometimes prevent use of reserves as 
such in allocation plans. 

Therefore, it is apparent that vari- 
ous states use all of the factors, sum- 
marized in the early part of this paper, 
which the committee has indicated 
might be used in an allocation plan. 
Unfortunately, they also use such fac- 
tors as productivity, potential, and 
wells—which the committee does not 
strongly recommend and, in fact, con- 
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demns under certain conditions. It 
would appear that progress might be 
made in the way the factors are used, 
rather than in further complicating 
allocation plans by intricate formulas 
which include many factors. A greater 
use of multiple, rather than additive, 
formulas would tend more nearly to 
give the desired result, viz., when pos- 
sible to give to each operator cur- 
rently his proportionate share of the 
oil in place within the reservoir. 


Fig. 1 shows graphically the factors 
used in various states in allocation of 
production among pools and within 
pools. It emphasizes the fact that im- 
provement in allocation practices can 
still be made. During the present 
period of high demand, with the at- 
tendant decrease in need for unduly 
severe restriction of production, pro- 
ration and allocation become a minor 
problem. Its study at this time from 
an engineering standpoint is espe- 
cially desirable, because the heated 
controversy concerning proper factors 
has cooled apace with the easing of 
urgency. The time may again come. 
however, when restriction of produc- 
tion will be necessary—not only as a 
conservation measure, but to balance 
production and market demand, and 
for the purpose of avoiding waste be- 
cause of excessive overground storage. 
It is hoped that at such time factors 
used in all the oil-producing states 
will reflect careful engineering study 
and recommendations. 
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Tank Armor is Tougher than Well Casing 


In the first tank battle on the North African desert in 
World War II the armor-piercing bazooka rocket was 
the secret weapon of the U. S. Army that helped to turn 
the tide. Its amazing potency in penetrating enemy tank 
armor was due to the tremendous directionalized energy 
of the cone-shaped Jet charge carried in its warhead. 

Just as the bazooka rocket proved more effective than 
bullets as an armor-piercing tank destroyer, the Welex 
Jet gun has proven more effective than any other 
method of casing 

perforating 


ever known. 
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Mr. Henry Mohaupt, inventor of the modern shaped 
charge used in the famed bazooka rocket, guided the 
many steps in the development of the Welex Jet 
process. Under his direction the engineers of Welex Jet 
Services, Inc., worked almost four years perfecting the 
shaped charge for casing perforating and open hole 
shooting. 

Every Welex field crew is trained and supervised by 
the men who perfected the Jet process. Phone your 
nearest Welex station for prompt service day or night. 


Write for Illustrated Bulletin on Jet Processes. 


f — Inc. 


Phone 4-3245 Fort Worth 9, Texas 


Ardmore, Okla. Lindsay, Okla. Caracas, Venezuela 


A-65 





to a greater extent than is now the 
case, 

Maximum efficient. rate is used in 
allocation between pools usually in an. 
indirect way, in that it limits produc- 
tion of a pool. Its use as a difect 
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has been somewhat'deleyed by the 
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Considerations other than engineering 
sometimes prevent use of reserves as 
such it allocation plans. 
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demns under certain conditions. It 
would appear that progress might be 
made in the way the factors are used, 
rather than in further complicating 
allocation plans by intricate formulas 
which include many factors. A greater 
use of multiple, rather than additive, 
formulas would tend more nearly to 
give the desired result, viz., when pos- 
sible to give to each operator cur- 
rently his proportionate share of the 
oil in place within the reservoir. 


Fig. 1 shows graphically the factors 
used in various states in allocation of 
production among pools and within 
pools. It emphasizes the fact that im- 
provement in allocation practices can 
still be made. During the present 
period of high demand, with the at- 
tendant decrease in need for unduly 
severe restriction of production, pro- 
ration and allocation become a minor 
problem. Its study at this time from 
an engineering standpoint is espe- 
cially desirable, because the. heated 
controversy concerning proper factors 
has cooled apace with the easing of 
urgency. The time may again come. 
however, when restriction of produc- 
tion will be necessary—not only as a 
conservation measure, but to balance 
production and market demand, and 
for the purpose of avoiding waste be- 
cause of excessive overground storage. 
It is hoped that at such time factors 
used in all the oil-producing states 
will reflect careful engineering study 
and recommendations. 
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In the first tank battle on the North African desert in 
World War II the armor-piercing bazooka rocket was 
the secret weapon of the U. S. Army that helped to turn 
the tide. Its amazing potency in penetrating enemy tank 
armor was due to the tremendous directionalized energy 
of the cone-shaped Jet charge carried in its warhead. 
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Concress is uncertain and undecided 
about the future status of the oil in- 
dustry. 


Facts—Not Opinions 


The individual Senators and Con- 
gressmen need factual information on 
the fuels position of the United States 

more now than at any time in the 
history of this nation. 

They do not need opinions—they 
need facts, upon which a sound deci- 
sion can be based relative to the fun- 
damental question of how best to 
assure this country of an adequate 
supply of petroleum fuels in time of 
emergency. 

The Congress, of course, is con- 
vinced that only the immediate and 
continuous availability of an adequate 
supply of petroleum fuels could win 


a third World War. 


Competitive Business Methods 
Most Effective 


The Congress is further convinced 
that there is little question but that the 
lowest cost and greatest quantity of 
petroleum and petroleum fuels can be 
produced through the competitive 
business system—owned and con- 
trolled by the men who survive and 
build up successful producing and 
marketing organizations through their 
energy, endurance and know how. 

The Congress also knows that the 
phenomenal success of the oil indus- 
try in keeping pace with the public 
needs over the past forty years has 
been largely due to rewards in profits 
to investors—investors who were will- 
ing to gamble in exploration and 
“wildeat” drilling operations—where 
the risk was great—but the rewards 
were also great when new fields were 
discovered. 


No Shortage of Fuel in 
the United States 


Your Congress also knows that 
there is no danger of a shortage of 
fuel in this country under any condi- 
tions, since it is well known that there 
is an adequate supply of coal for sev- 
eral hundred years. j 

*Presented before 28th annual meeting of the 


\merican Petroleum Institute, Chicago, Illinois. 
+U. S. Senate (Nevada), Reno, Nevada. 
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Congress Looks at the Petroleum Industry’ 


SENATOR GEORGE W. MALONE‘ 


Emergency Petroleum Fuels 


The vital question has been raised, 
however, about how best to assure an 
adequate supply of petroleum and 
petroleum fuels for an. emergency, 
such as a third World War for naval 
and other purposes where coal alone 
will not suffice; whether to slow down 
production, thereby saving our visible 
supply of petroleum for such an emer- 
gency, or to continue our heretofore 
successful method of increasing pro- 
duction and reserves, where a large 
share of the profits are continually 
plowed back into the business for ex- 
ploration and prospecting for new 
fields and further supplies. 


Your Congress knows that as early 
as 1922 a government bureau—the 
U. S. Geological Survey—estimated 
the entire oil reserves of the United 
States at 5 billion barrels. We know 
that 25 yrs ago our files were full of 
very learned reports, estimating that 
our oil supply would be exhausted 
within five to ten years. 


Your Congress also understands 
that the petroleum industry operating 
under our competitive business sys- 
tem and governed by supply and de- 
mand, has supplied the nation’s in- 
creasing demands for petroleum fuels 
since the 1922 five billion barrel re- 
serve estimate—and continually in- 
creased such reserves until at this time 
it is estimated by the same govern- 
ment organization that we have more 
than 23 billion barrels of known pe- 
troleum reserves. | 


More Than 1000 Years of 
Synthetic Fuels 


We also know that we have more 
than 100 billion barrels of synthetic 
petroleum fuels in known deposits of 
oil shale which can be made available 
in the form of petroleum fuels through 
proven processes when the economic 
situation justifies their development. 


We also know that engineers and 
scientists now estimate more than 
1000 years’ supply of such synthetic 
petroleum fuels can be made available 
from coal using methods now nearer 
the commercial state of production 
than was synthetic rubber at the start 
of World War II. As oil becomes more 


P 980. 


valuable, synthetic sources of petro- 
leum fuels will be utilized by commer- 
cial companies. 


Two Important Problems 


The Congress of the United States 
needs the facts and the best possible 
advice then on two pressing and vital 
problems: 

1. Is it possible for this nation to 
run out of petroleum and _ petroleum 
fuels—considering all possible domes- 
tic sources of such fuels? 

2. What agencies—the government 
bureaus, or experienced private busi- 
ness concerns should be encouraged 
to develop the synthetic fuels beyond 
the pilot plant stage? 


Public Confidence Shaken 


Public confidence has been shaken 
in the men and operating companies 
in the oil industry through investiga- 
tions and government bureau reports 
—and claims that we are running out 
of oil through excessive reckless use 
and development—and government 
bureau claims that we should save the 
known supplies for an emergency— 
presumably World War III—and that 
many of the methods employed by 
such men and operating companies 
were not in the public interest. 

The petroleum industry, vitally im- 
portant to our national security and to 
our national economy, has a real job 
to do: 


1. To convince the Congress of the 
United States that the public interest 
is considered paramount in their op- 
erations and that they are responsible 
in safeguarding such interest. 


2. That they are furnishing the 
Congress of the pertinent factual ma- 
terial on the fuels position of this 
country, together with the best long 
range production advice of which they 
are capable. 


Three Basic Products 


There are many indispensable prod- 
ucts in times of peace or war. Three 
of the basic fundamental products are 
petroleum, rubber and steel, without 
which we cannot live in peace or fight 
a war. a 

The production of these three indis- 
pensable products are interdependent 
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and dependent upon each other for 
continued supplies: 

|. We must have more available 
steel to assure the normal production, 
distribution and continued explora- 
tion and discovery of new fields and 
supplies of petroleum. 


2. We must have an assured supply 
of petroleum for the needed produc- 
tion of synthetic rubber. 

We are not running out of avail- 
able iron ore for steel production, as 
has so often been currently reported 
in magazine articles, Sunday supple- 
ments and government bulletins by 
synthetic experts. There is currently 
known more available iron ore than 
this nation can use during the next 
100 years—some of a slightly lower 
grade and some containing impurities 
which, however, the engineers know 
how to handle at a somewhat higher 
cost. This subject will be treated in 
detail at the proper time. 


Steel—German Reparations 
and the Oil Industry 


Congress also knows that the 7 or 8 
million tons of steel being shipped to 
Europe annually could be added to 
the current 5 million ton annual pro- 
duction in Germany within 6 to 8 
months through a simple executive 
order—and keep our own steel at 
home for use in pipe lines, tankers, 
tank cars,. refinery and casing con- 
struction, and end the spot shortage of 
petroleum fuels in this country within 
18 months. We could also start addi- 
tional exploration drilling—making 
up some of the 70,000 wells which we 
are currently behind in such explora- 
tion work. 

Most of the members of Congress 
know too that it is the German indus- 
trial plant reparations included in the 
much publicized Morgenthau plan, 
continually and currently supported 
by England and France, that prevents 
such an action being taken. 

Congress knows these things through 
fragmentary information and data 
and through committee hearings, but 
it desperately needs complete factual 
information on the “Fuels position of 
the United States” from experienced 
men—experienced in the - particular 
business about which they are offer- 
ing such data and information—men 
in whom they can have complete con- 
fidence. 


Domestic Petroleum Development 
and National Security 


Many members of Congress cannot 
see how our national security will be 
safeguarded through retarding the 
further development of our domestic 
petroleum reserves as advocated by 
many government bureaus through 
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their selective free trade principles 
adapted from the “1934 Trade Agree- 
ments Act”—and becoming depend- 
ent upon the Middle East for our pe- 
troleum supplies, when military au- 
thorities seem to agree that we could 
not hold that area against our poten- 
tial enemies more than a few months 
at best and would then become de- 
pendent upon a hostile country for 
our fuel supply. 


Confidence Between Business 
and Government 


I am a freshman Senator—at least 
until the 81st Congress convenes in 
January. Therefore, I do not feel 
bound by any of the resentment or an- 
tagonism built up over the last two 
decades of business towards govern- 
ment—or of government towards 
business. 

It is my firm and considered opin- 
ion that it is the responsibility of pri- 
vate business to conduct its affairs in 
the public interest in such manner 
that it will command the respect of the 
Congress of the United States—and 
that it is also the responsibility of the 
Congress to so conduct its affairs in 
such manner that it will command the 
respect of private business and the 
people whom it represents. 

Mutual respect and integrity must 
be re-established and maintained. 
Without it we will drift further into 
restrictive legislation which will de- 
feat our objectives. 


National Policy 


Congress must re-establish a defi- 
nite national policy based on principle 
and law— instead of the hodge-podge 
of executive orders, department rul- 
ings and bureau regulations based 
upon the broad powers granted the 
executive department by the Congress 
of the United States. 


As a result of such broad powers 
granted the executive department by 
the Congress of the United States, this 
country is now getting the greatest 
pushing around on the trade fronts 
of the world ever given a major power 
since recorded history, all of which 
vitally affects the petroleum industry. 

This is almost entirely due to our 
juvenile approach to the entire sub- 
ject of trade relations and a pathetic 
lack of understanding of the principle 


upon which we have built the greatest 


economic system, the highest stand- 
ard of living and the strongest nation 
that the world has ever known. 


Economic One Worlders—and 
American Industry 
Congress, business and industry 
and the employees of such industries 
have given little consideration to the 


subtle procedure of the economic one- 
worlders. 

The economic one-worlders, includ- 
ing foreign European banking firms, 
have been pressing their case quietly 
for many generations, yet only now 
after two devastating World Wars 
with the resulting unrest and confu- 
sion has their plan of dividing our 
markets and of leveling our standard 
of living with the low-wage Asiatic 
and European countries, taken defi- 
nite and final form through the pow- 
ers granted the executive department 
of our government by the Congress 
of the United States. 

This is the greatest single factor 
tending to depress all business and in- 
dustrial activity at this time. 

Many of these foreign countries 
have had access to the same raw ma- 
terials and resources for 2000 yrs, yet 
their people have made little progress 
in advancing their standard of living; 
while we have created the greatest 
production plant and markets in the 
world, largely during the past 70 yrs. 

The economic one-worlders’ com- 
plete plan, as adopted by the State 
Department, and recommended to 
Congress, for distribution of the 
wealth of the United States among the 
nations of the world includes; . 


1. Making up the trade balance def- 
icits of the countries of the world in 
cash through gift-loans each year as 
exemplified by the recent Marshall 
Plan of 17 billion dollars to 16 Euro- 
pean countries, and the English gift- 
loan of 334 billions of dollars a few 
years ago. This is entirely clear in the 
debate on the Marshall Plan in the 
Senate on March 4 and 5. Our chief 
export is cash. 

2. Division of the markets of this 
nation through the selective “free 
trade” and the “horse trading” meth- 
ods adopted by the State Department 
under 1934 Trade Agreements Act. 

Under these trade treaties the tariffs 
of this country have been reduced 
from an approximate average of 45 
per cent of value to less than 15 per 
cent, while the tariffs of competitive 
nations have been substantially in- 
créased since World War II, and in 
addition they utilize the.quota system, 
manipulation of their money values, 
empire preferential rates and other 
subterfuges calculated to gain trade 
advantage. 4 

Our markets are divided in this 
manner with the foreign countries on 
the theory that their trade balance def- 
icits each year will be less in propor- 
tion. There is nothing reciprocal 
about the State Department’s admin- 
istration of the 1934 Trade Agree- 
ments Act—the phrase “téciprocal 
trade” does not’ occur: if*-the’*1934 
Trade Agreements Act and is simply 
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OF OIL AND GAS INDUST 


Probably the most important development in. 


© the petroleum industry in recent years is the 
spectacular progress made in conservation 
measures. Modern repressuring, recycling and 
gasoline absorption plants save untold quanti- 
ties of gas and oil, both for current use and for 
the future, that would otherwise be wasted. 
Clark Compressors are playing a major role 
in this great enterprise. In 1948, over 100,000 
BHP of Clark units were installed in Texas 
alone, for use in conservation projects ... Big 
Angles, Midget Angles and Right Angles. 


In this plant near Beaumont, Tf. 
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is extracted. Residue gas is th 
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a catch phrase to sell free trade to the 
American people. 

3. The proposed International 
Trade Organization, under which the 
57 member nations of the United Na- 
tions—each with one vote—would 
meet at least once each year and esti- 
mate the remaining production and 
markets and frankly divide them 
among the nations of the world, event- 
ually on a basis of population, com- 
pletes the job of distribution of the 
wealth and markets of this nation with 
the nations of the world. 

These are the methods adopted by 
the State Department with the an- 
nounced purpose of raising the living 


standards of the countries of the 
world—the result, of course, will sim- 


ply be a substantial reduction of our 


own. 

It will be like deciding to average 
the level of the water in a water glass 
with that of the city reservoir—you 
may pour the water out of the. glass 
into the reservoir until your glass will 
be empty, but the water in the reser- 
voir will not be affected very much. 

It is not an accident that the 1934 
Trade Agreement Act was extended 
for one year, so that the second year 
Marshall plan appropriations—the 
1934 Trade Agreement Act—and the 
International Trade Organization 
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could be considered by the Congress 
of the United States all together—as 
they should have been in the first 
place. % 


A National Policy—the 
Flexible Import Fee 


The flexible import fee method, first 
advanced by Congress in 1930 as a 
national policy, is a simple method of 
fixing such import fees on a scientific 
principle laid down by the Congress 
of the United States. It furnishes an 
automatic control of imports by furn- 
ishing a definite market for all foreign 
nations on a basis of fair competitive 
domestic costs and would guarantee a 
healthy-“going concern” petroleum 
industry for the security of this 
nation. 

A fixed tariff has never functioned 
properly, since the economics of all 
nations are in a continual state of flux 
and while a tariff fixed today might 
correctly reflect the differential of 
cost of production—tomorrow it may 
be too high or too low. 

A fixed tariff is a fixed tariff wheth- 
er it is fixed by the Congress, the 
Tariff Commission, or by the State 
Department under the 1934 Trade 
Agreements Act, except that action by 
the State Department constitutes a 
treaty which cannot be changed ex- 
cept by consent of the nation which 
was a party to such treaty. 

Under this method foreign coun- 
tries, especially the empire-minded 
nations, have often depressed their 
own standard of living through ma- 
nipulation of currency values or other 
methods, to come under our tariff 
structure. 

Under the “flexible import fee bill” 
which I introduced late in the second 
session of the 80th Congress, the 
Tariff Commission would become the 
Foreign Trade Authority with full au- 
thority to determine the differential 
of the cost of production, based on 
“fair and reasonable competition.” 

The Authority would have ample 
jurisdiction to determine the proper 
import fee based on principles laid 
down in the bill which would then be- 
come the tariff or import fee—in the 
same manner as the Interstate Com- 
merce Commission is set up to deter- 
mine the proper transportation rates 
on interstate carriers. 


Import Fee Does Not 
Retard Imports 

An import fee, contrary to much 
recent propaganda on the subject, 
does not stop or unduly retard im- 
ports, but simply brings such needed 
imports in on our standard of living 
costs and would immediately estab- 
lish a definite market basis in this 
country for the goods of the other 56 
nations of the world. Under such a 
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flexible system no advantage could be 
gained by any foreign nation through 
manipulation of its currency or by 
other methods. 

Under this method every nation 
would be the judge of its own living 
standards, but would be encouraged 
to raise its own, since no advantage in 
trade with this country could be 
gained by holding them down, and 
when such standard in any foreign 
country approximates our own then 
“free trade” would be the immediate 
and automatic result. 

The principle established under ihe 
flexible import fee bill automatically 
abolishes all “log rolling,” lobbying, 
and “horse trading” methods, since 
neither Congress nor the State De- 
partment would have anything what- 
ever to do with fixing such import 
fees—the Foreign Trade Authority 
would have sole jurisdiction under the 
principles established by the Congress 
——just as in the case of the Interstate 
Commerce Commission in transporta- 
iion rates of the carriers. 

Many members of Congress believe 
that the men responsible for the phe- 
nomenal development of the oil indus- 
try have done little to advance the 
adoption of national policies by the 
Congress and the executive depart- 
ment of our government to maintain 
our standard of living and national 
security. 


The Fuels Position of 


the United States 

Our National Resources Economic 
Committee, of which I am chairman, 
is at this time preparing a report— 
hearings will be continued on January 
18, 1949—on the “Fuels Position of 
the United States.” The committee has 
already published a report, “Minerals 
Position of the United States.” 

The fuels report will include the 
proven production areas of oil, gas 
and coal, together with areas of poten- 
tial production where development 
and exploration can, and should logi- 
cally be undertaken with reasonable 
expectation of success. The report will 
also include synthetic fuels, the pro- 
duction of petroleum and _ gasoline 
from oil shale and from coal, and the 
foreign sources of supply available to 
us under certain conditions. 


Taxes 

For 15 yrs the policy has been ad- 
vanced to siphon off the increased 
wages and incomes through taxes to 
prevent inflation. 

It is, of course, evident that such 
procedure did not prevent inflation— 
but did result in a serious reduction in 
the money normally available for ven- 
ture capital investment. 

Emil Schram, formerly with the 
Reconstruction Finance Corporation 
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and now president of the New York 
Stock Exchange, recently indicated 
that the tremendous tax drain in this 
country is seriously threatening the 
venture capital investment market. 

If the policy is continued, it is only 
a matter of time when the only source 
of venture capital investment will be 
our own United States treasury. We 
will then have reached the European 
nation’s status— where government 
appropriations or gift-loans from 
other nations will constitute the only 
source of venture capital for new busi- 
ness and industrial investments. 

It is my current opinion that the en- 
lire basic tax structure should be re- 


PROVIDING THE POWER 
for Pipe Line Pumping 








viewed with a view of correcting this 
dangerous trend. 
Tidelands 

For nearly 100 yrs the shores of 
navigable waters and the soils under 
them were naturally taken for granted 
as the properties of the states, which 
include the rivers and streams systems 
of the nation. 

The ownership by states was taken 
for granted and approved many times 
through the courts on the long ac- 
cepted theory that any powers or au- 
thority not specifically transferred to 
the government of the United States 
were reserved to the states. 

The legal fraternity and the execu- 
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tive departments of the government 
have applied this rule of property con- 
tinuously during that time, and the 
government itself has in many special 
cases purchased and leased such lands 
from the states for federal use. 

Even the Secretary of Interior in 
1933 is credited with interpreting the 
law in relation to California tidelands 
to mean that: 

“Title to the soil under the ocean 
within the three-mile limit is in the 
state of California and the land may 
not be appropriated except by author- 
ity of the state.” 

from an historical story of the situ- 
ation, | think it may be reasonably 
concluded that the government of the 
United States filed suit in the Supreme 
Court to change this long-established 
ruling on the theory that the petro- 
leum and natural gas under these 
lands were necessary for the security 
of the government and not on any 
basis of constitutional right. 

rhis has been the plan of certain 
theorists for many years and all mar- 
kets and production have been kept in 
a state of flux, with no definite na- 
tional policy, purposely to bring about 
the desired result. 

[t is my firm opinion that the Con- 
sress of the United States should cor- 
rect this trend. 


Lack of Confidence Between 
Business and Government 
Dangerous 


Nothing can be more dangerous to 
our business system of development 
and to our national security than a 
continued and growing lack of confi- 
dence between such business and in- 
dustrial enterprises and the Congress 
of the United States, and only repre- 
sentatives of such enterprises and the 
individual members of Congress can 
re-establish the necessary cooperation 
and confidence. 

The real danger to our form of gov- 
ernment lies in foreign influences 
gaining a foothold while we bicker 
among ourselves on details. 


National Policy by Law 


No one can speak for the Senate of 
the United States—to say nothing of 
including the House side of that im- 
portant body—but speaking as one 
member of the Senate of the United 
States, I believe that it is imperative: 


1. That the men of the petroleum 
industry make every effort to re-estab- 
lish the trust and confidence between 
business and industry and the Con- 
gress of this nation—through close 
cooperation in determining the “Fuels 
position of the United States.” 


\ 


2. That the men of the petroleum 
industry offer every cooperation to the 
Congress in establishing a national 
policy by law that will maintain our 
standard of living and national secur- 
ity, while we are assisting the nations 
of the world to establish their own. 


Preserve the ‘Know How’’— 
Cannot Run Out of 
Petroleum Fuels 


Speaking again as one member of 
the Congress of the United States look- 
ing at the oil industry—I believe that 
we must preserve the energy—the 
restless drive and the know-how of the 
men who have created the oil industry 
through business investments, in 
order to insure our national security 
through the future adequate produc- 
tion of petroleum fuels. 

The men of the petroleum industry 
can assist materially in preserving 
this relationship through cooperation 
with the Congress of the United States 
on the basis of the public interest. 

Again, speaking as one member of 
the Congress of the United States, | 
believe that, except for continued un- 
due government interference, it is 
simply a physical impossibility for 
this country to run out of petroleum 
fuels. ee 
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WYTEFACE “A” Steel Tapes 
have raised black graduations 
on a crack-proof white surface. 
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service. Resist rust and corro- 
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protect the white background 
from abrasion from rails, pipe, 
rocks, concrete. Made in styles 
especially for Oil Riggers, Oil 
Gaugers and for general meas- 
urements. See your supply 
house, or write for details to 
Keuffel & Esser Co., Hoboken, 
New Jersey. 
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ERP Petroleum and 


Petroleum Equipment 
Commodity Study” 


Crude oil and petroleum products 
for European recovery are going into 
Marshall Plan countries in increasing 
quantities for industry and to aid in 
the development of road, sea and air 
transportation, the expansion of in- 
land shipping, and the mechanization 
of agriculture. 

According to estimates made by the 
Economic Cooperation Administra- 
tion, the participating countries are 
expected to use 48.7 million tons of 
petroleum products in the fiscal year 
1949-50. This is equal to about 975.,- 
000 bbl a day or 20,000 bbl a day less 
than was estimated by the participat- 
ing countries. It is an increase of 57,- 
000 bbl a day over the estimated 1948- 
49 consumption and 374,000 bbl over 
the prewar level of 601,000 bbl a day. 

The importance of petroleum in the 
recovery program is emphasized in 
an analysis by the Organization for 
‘uropean Economic Cooperation of 
the manner in which the four princi- 
pal petroleum products—gasoline, 
kerosine, gas, diesel oil and fuel oil— 
are expected to be used in fiscal 1950 
compared to the prewar period. 

For example, in the eight largest 
consuming countries, OEEC estimates 
that only eight per cent of all oil will 
be used for private motor cars and 
motorcycles compared to 21 per cent 
in the prewar period. In terms of total 
quantities, the amount expected to be 
so used is 33 per cent less than in the 
prewar period as a result of strict ra- 
tioning in most of the countries. 

Of total imports, ECA estimates that 
21.8 million tons—nearly 436,000 bbl 
a day—valued at $562.5 million on 
the basis of November 1948 prices, 
must be obtained from sources which 
require payment in dollars, that is, 
from American oil companies. The 
ECA estimate is nearly cone hundred 
million dollars less than the estimates 
submitted by the participating coun- 
tries of requirements from dollar 
sources. 

The petroleum equipment programs 
of the individual companies for 1949- 
90 can be evaluated only against the 
long-term programs of which they are 
a part. These programs, when added 
together would result in an increase in 
annual refining capacity in Europe 
from 27.5 million tons in 1948-49 to 
65.7 million tons in 1952-53, and an 
increase outside Europe from 54.2 
million in 1952-53, an over-all increase 
of 56 million tons. 


*Review of report of U. S. Economic Coop- 
eration Administration, March, 1949. 
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Make crisp, sharp whiteprints 
within seconds fromyour trans- 
lucent drawings or documents 
with any Bruning Whiteprinter. 
Choose from many fine models. 
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A wide variety of paper sizes, 
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able in flat sheets or roll stock. 
Transparent paper, film, and 
cloth are also provided. 
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These machines combine T- 
square, scales, straight-edge, 
triangle, and protractor into 
one precision instrument. They 
save up to 40% in time. 





Tracing Papers & Cloths 


Every type of tracing medium 


required in the modern draft- _ 


ing or engineering department 
for making sharp prints, is 
available from Bruning. 


oa : 
Bruning Erasing Machines 
This machine saves valuable 
time erasing pencil, ink, typ- 
ing, carbon copy, and other 
marks. A quiet, cool, vibration- 
free tool for all departments. 


Drafting Room Furniture 


Bruning provides a complete 
line of drawing tables, draw- 
ing boards, filing cabinets, 
stools, etc. Their functional de- 
signs give greater efficiency. 
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Bruning Drawing Instruments 


A large variety of drawing in- 
struments and drafting tools 
are available from Bruning. 
Pens, compasses, curves, tri- 
angles, etc., are provided. 
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Bruning Drawing Materials 


If it is a drawing material that 
is used in a drafting or engi- 
neering design department — 
Bruning has it...and you can 
be sure every detail is right. 


Bruning Slide Rules 


Bruning Slide Rules are preci- 
sion tools built for long serv- 
ice. They are graduated to ex- 
acting tolerances, and do not 
lose their excellent visibility. 








Surveying Instruments 


Bruning carries a large and 
complete line of fine transits, 
levels, barometers, compasses, 
leveling rods, steel tape, stop 
watches, tripods, etc. 
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Technical Books 


Bruning makes available many 
excellent handbooks on civil, 
mechanical, structural, and 
electrical engineering; archi- 
tecture, drawing, lettering, etc. 
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| is with some personal pride, as well 
as with considerable timidity, that I 
appear on this program with such 
learned and distinguished speakers. It 
is indeed an honor, which I deeply 
appreciate, to meet and talk with this 
great body of leaders of one of the 
greatest industries of the greatest 
country in the world. It is, however, a 
challenge which I must confess that I 
am inadequate to meet on the high 
intellectual plane to which this audi- 
ence is entitled. However, with the 
inspiration of your presence and the 
understanding of your great capacity 
for sympathy, I shall undertake the 
responsibility that your program com- 
mittee has placed upon me. 


As a corollary to the splendid 
address of Senator Malone, “Congress 
Looks at the Petroleum Industry,” my. 
topic is “The Petroleum Industry 
Looks at Congress. In this land of 
free speech, guaranteed to us by our 
Constitution, | can without the slight- 
est fear of reprisals from my govern- 
ment speak frankly with respect to my 
Congress. | can praise the things about 
the Congress I admire and approve, 
and I can, with equal freedom, con- 
demn and criticize those actions of 
which I disapprove. Such freedom is 
our American heritage, which we 
sometimes forget to appreciate. The 
same fundamental document under 
which we Americans live and which 
preserves for all of us this priceless 
freedom created the Congress of the 
United States and delegated to it cer- 
tain prescribed powers, and as well it 
specifically withholds all other powers. 
These reserved powers are, and we 
hope they shall always be, vested in 
“we the people.” 


It has become almost a_ national 
pastime to ‘“‘pan” the Congress. 
Whether the 80th Congress was the 
“worst in history” became a major 
issue in the national campaign termi- 
nated last week. It’s an old American 
custom to condemn Congress for 


*President, Fain-Porter Drilling Company, 
Oklahoma City, Oklahoma; president, Mid-Con- 
tinent Oil and Gas Association. 


tPresented before the 28th annual meeting 
of the American Petroleum Institute, Chicago, 
Illinois, November 8-11, 1948. 
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The Petroleum Industry Looks at Congress. 


FRANK M. PORTER? 


everything from droughts, floods, and 
crop failures to prosperity. Only a 
few days ago I heard the argument 
being made that Congress always let 
prosperity run away with the people 
and, therefore, it brought on the eco- 
nomic depressions that we have some- 
times experienced in this country. 


I am not familiar with the experi- 
ence that other industries may have 
had with-Congress; but, so far as the 
oil industry is concerned, | think it 
may be generally said that we have 
always looked upon Congress as a 
refuge of protection against the buoy- 
ant bureaucrats who live with that 
constant conviction that the manage- 
ment and operation of all business, and 
particularly the oil business, is a func- 
tion of their particular bureaus. To 
date, I am happy to say, in my opin- 
ion, the Congress has done a reason- 
ably good job of protecting the system 
of private enterprise and free competi- 
tion under which the oil industry has 
developed and grown to occupy an 
important place in the American econ- 
omy. Of course, there have been some 
breaks in the dike, and here and there 
a little bureaucratic power has seeped 
through. There have been times when 
it looked as if the flood water of bu- 
reaucracy might break through and 
engulf us. 


It will be remembered that it was 
Congress that permitted the bureau- 
crats to sell them that well-known 
package labeled “NRA,” and com- 
monly known in the heyday of its 
Washington glorification as the “Blue 
Eagle.” It was this mistake of Con- 
gress that resulted in a “federal petro- 
leum code.” This, in turn, produced a 
petroleum administrator who testified 
before a committee of the House of 
Representatives that, prior to becom- 
ing a member of the President’s cabi- 
net, he had never seen an oil well. 
Fortunately, the oil industry was de- 
livered from the petroleum code by a 
Supreme Court decision holding that 
Congress had acted contrary to that 
basic document to which I referred a 
moment ago—the “Constitution of the 
United States.” 

Later came the Cole bill, which 
represented a most serious threat of 
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the bureaucrats to assume substantial 
control over the oil industry. We took 
our case to the Congress, and there 
we tried out the merits of the proposal. 
The record made in those hearings 
will long stand as a monument to the 
heroic efforts of many members of the 
petroleum industry to defeat a partial 
nationalization of our business. 
Friends made in the Congress during 
those hearings have been lasting 
friends. Although the Cole bill was 
laid to rest more than 10 years ago, 
many men then in Congress, who have 
remained in public service, frequently 
express great confidence and respect 
for the oil business because of the 
thorough educational campaign con- 
ducted by the industry at that time. 


On many occasions the oil industry 
has appeared before Congress to re- 
sist proposed laws that it believed 
would hamper its ability to discharge 
its full public responsibilities. 


Seldom has the oil industry gone to 
Congress for affirmative relief. By and 
large, we have always felt that, if our 
system of private enterprise and free 
competition in business was preserved, 
the oil industry had within its own 
resources the ingenuity and ability to 
hold its place on the economic front. 


Two years ago, when the smoke of 
the congressional elections had cleared 
away and when the oil industry made 
a critical examination of those rep- 
resentatives of the people who had 
been elected to serve them in the 
Congress, there was considerable re- 
joicing. After long years of attack from 
the Washington bureaucrats, and some 
in the Congress, we thought that now 
we may have peace and more time to 
attend to the business of finding. re- 
fining, and distributing more oil io 
the American people, and more time 
for building up a strong and healthy 
industry for the security of our na- 
tion. Two things in particular we 
deemed important. We felt justified 
in asking Congress to pass both meas- 
ures—one was confirmation of the 
state’s title to the tidelands because 
they appear to hold considerable 
promise for new oil discoveries, apd 
the oil industry believed those lands 
could be best developed under the 
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local jurisdiction of the states. The 
second measure would have clarified 
the natural-gas act which is being ad- 
ministered by the Federal Power Com- 
mission in such manner as to retard 
the production and transportation of 
gas into new markets. 


During the war the oil industry 
dedicated itself, its manpower, its 
equipment, and all of its “know-how” 
to winning the war for America and 
our allies. During those war years the 
slightest wish of government was our 
command, Through the Petroleum In- 
dustry War Council and the Petro- 
leum Administration for War, we 
worked hand-in-hand with govern- 
ment to the end that every facility of 
the petroleum industry would be most 
efficiently used for victory. Not only 
did we willingly assume this tremen- 
dous governmental responsibility, but 
we did not forget the responsibility of 
sustaining, petroleumwise, our domes- 
tic economy. I believe that it cannot be 
said that the war record of the petro- 
leum industry is surpassed by any 
other industry in this country. 


Attack on All Fronts 


It was, therefore, the feeling of the 
industry that we could look to the 80th 
Congress with great confidence; but, 
to our consternation, and with some 
resentment, we were immediately beset 
by the greatest barrage of congres- 
sional investigations that has ever 
been visited upon any industry by any 
Congress. Not only did the Congress 
refuse to enact the tidelands bill and 
amendments to the natural-gas act, 
but seriously threatened to enact into 
law several bills that would have 
ability to carry on development of 
known resources or to explore for new 
reserves. 


Anyone who followed, even casu- 
ally, the deliberations of the 80th 
Congress and its investigating com- 
mittees must have gained the impres- 
sion that the oil industry was prob- 
ably the greatest menace to the 
operation of a free economy in the 
country today. At one time, upwards 
of a dozen congressional committees 
were investigating various phases of 
the oil business or holding hearings 
on bills that threatened our very exist- 
ence. 


We were under attack on every 
front. Policies regarding conservation, 
production and supply of crude, com- 
petition, prices, profits, distribution, 
and transportation and supplies for 
the military forces, were under almost 
continuous attack by members of 
Congress and witnesses appearing be- 
fore various committees from Janu- 
ary 1947 until Congress adjourned in 
June 1948. 
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Another reason why POWERFLEX 
retains Rotary Hose Leadership 


The new couplings on Thermoid’s Powerflex will not leak or pull 
loose for the life of the hose. 


The higher the pressure, the tighter the seal . . . integral con- 
struction of coupling and hose prevents hose breakage behind 
the coupling, and every length is pre-tested to 5000 psi. The new 
forged steel coupling is only 14 the weight of the former coupling 
and it is the same approximate diameter as the hose end. 


For safety, dependability and economy... Specify Thermoid 
Powerflex Rotary Hose. 


POWERFLEX available with male API threads. 214” (3” thread), 
3” and 314” (4” thread). At your nearest oil field supply store! 


It will pay you to Speedy Thermoid! 


| Thermoid Quality Products: Oil Country Flat Belting * Wire Line Turn Backs + 


No-Wip Line Savers ¢ Stuffing Box Rings « All types of Hose * Molded Specialties 
* Powerflex Rotary Hose * Mud-Flo Slush Pump Hose « Flexible Discharge Units « 
Brake Blocks « F.H.P. and Multiple V-Belts. 


Thermoid Western Offices and Factory - Nephi, Utah, U.S.A. 
hermol Main Offices and Factory * Trenton, N. J., U.S.A. 


Cc OMP ANY industrial Rubber Products - Friction Materials + Oil Field Products 
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The situation was aggravated by 
the threat of a fuel-oil shortage dur- 
ing the extreme cold weather last 
winter. This was seized upon by some 
members of Congress as a basis of 
attack. It served to encourage all who 
had real or fancied grievances against 
the oil industry to air their views be- 
fore the committees of Congress. 

Obviously, in an industry of such 
importance to our economy and na- 
tional defense there are bound to de- 
velop legitimate causes for criticism, 
but frequently charges leveled against 
the oil industry were exaggerated be- 
yond all reason and with little or no 
evidence to support them. The pub- 
licity resulting from these hearings 
undoubtedly was harmful to the in- 
dustry. 

The fact that Congress did not enact 
into law any of the proposals calling 
for drastic controls or regulation of 
the industry is, of course, no assur- 
ance that similar attempts will not be 
made in the future. Several congres- 
sional committees were authorized to 
hold hearings during the adjournment 
period, and are planning to resume 
operations soon. 


Our Rights as Free Men 


It is natural that Congress should 
have a deep interest in an industry 
that is so farflung in its operations 
and which plays so important a part 
in our national economy, in our na- 
tional defense, and which is so neces- 
sary to our welfare as the oil business. 
The industry can have no valid objec- 
tion to legitimate investigations of its 
operations by the Congress, but it does 
have a right to insist that such investi- 
gations be centered in appropriate 
major committees, instead of being 
scattered over a dozen or more in- 
quisitorial bodies all working at once 
and sometimes at cross-purposes. 

We likewise have a right to expect 
that congressional utterances ard find- 
ings shall be based on facts and cor- 
roborated evidence and not on mere 
conjecture, demagoguery, politics, and 
sensationalism. It is a well-established 
rule of American jurisprudence that 
the court and the jury are entitled to 
consider the credibility and the quali- 
fications of the witnesses in weighing 
the evidence. IT am sorry to say that 
congressional committees have not al- 
ways done this. Many members of the 
Congress are prone to accept the state- 
ments of so-called government experts 
and bureaucrats as fact, simply be- 
cause they occupy an official status. 
Many times the evidence of men who 
occupy the highest position of leader- 
ship in industry, and who represent 
years of experience in their particular 
lines of endeavor. seems to be com- 
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pletely ignored. I have in mind one 
report of a house committee of some 
100 pages which quotes at length from 
the testimony of the government’s 
witnesses, and not a single quotation 
from the long list of industry wit- 
nesses that appeared. We have a right 
to expect that the staffs employed by 
these committees shall be Americans 
who believe in the American way of 
life and who are familiar with the op- 
erations of the industry. We have a 
right to expect staff members who will 
approach their tasks with open minds, 
and not with preconceived notions 
about alleged evils of industry and 
with a desire to nationalize or social- 
ize the industry regardless of the con- 
sequences. 


We have a right also to expect 
courteous treatment from the commit- 
tee members. On a few occasions mem- 
bers of congressional committees have 
forgotten their manners. It is a despic- 
able display of arrogance for any 
member of Congress to use his official 
position to bulldoze or insult a witness 
who appears for the purpose of ex- 
pressing his views to his public serv- 
ants. Members of congressional com- 
mittees who insist on doing all the 
talking seldom get much out of the 
witness. 


It has been quite evident that some 
of the so-called experts who have in- 
fluenced the attitude of congressional 
committees in the past’ have based 
their criticisms largely on the size of 
the companies involved rather than on 
any evidence of improper practices. It 
seems that to prosper and grow 
through serving the public has be- 
come a great evil. Perhaps the indus- 
try has been at fault in not meeting 
these issues head-on, and at the time 
when they were raised. 


No one can dispute the fact that his- 
torically the oil companies have done 
a great job in supplying the oil re- 
quirements of this country, in both 
peace and war— and, I may add, al- 
ways at fair prices. Yet almost daily 
on the floor of the last Congress, or 
in its committee rooms, demands for 
investigation of the oil industry con- 
tinued to be pressed on what fre- 
quently was the flimsiest of charges. 
Meantime production of crude and pe- 
troleum products was breaking all 
records, and thousands of industry 
employees were working day and night 
to deliver oil and gasoline to their 
customers—sometimes in sub-zero 
weather under the most difficult of 
transportation handicaps. 


Some Fallacies 
This barrage of congressional at- 
tacks aided by a deluge of propaganda 
from the bureaucrats gave rise to the 
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belief by some that the solution of the 
alleged deficiencies of the oil industry 
was government control. How govern- 
ment management could add a single 
additional barrel of oil to the daily 
production has never been explained 
by an advocate of such a program; 
but, in the absence of organized op- 
position, it was accepted by congress- 
men as a;likely improvement. This 
alarming attitude has been reflected 
in statements of members of Congress 
who ordinarily are regarded as cham- 
pions of competitive enterprise and a 
free market economy. 


During the last session of Congress 
the industry was not only met with the 
false claim that there was insufficient 
production to supply existing de- 
mands, but one congressional com- 
mittee made the charge that the con- 
servation laws of the principal oil 
states were designed to influence the 
price rather than to conserve oil. The 
truth is that the industry would not 
have been able to supply the oil re- 
quirements of the recent world war. 
nor could we prepare for another war, 
if these conservation practices had not 
been in effect in the several oil-produc- 
ing states. It was also charged by this 
same committee that the industry, the 
state authorities, and the Bureau of 
Mines had entered into a conspiracy 
to cause the bureau to issue false esti- 
mates of demand, to hold production 
down, and to keep the price up. 


Another charge constantly hurled 
by some members of congressional 
committees was that the larger oil 
companies discriminated against the 
smaller independent dealers in sup- 
plying refined products. This was re- 
peated over and over during the 
threatened fuel-oil shortage. The fact 
is that many refiners severely limited 
their own outlets to accommodate 
competing distributors. No one can 
rightfully accuse the oil industry of 
unfair practices in this regard, when 
the true facts are known. 


The oil industry is made up of more 
than 34,000 competing concerns, all 
searching for business under the rule 
of free competition. Each of them— 
large and small—is striving to provide 
better products and services at less 
cost than his competitors. 


Congress was told repeatedly dur- 
ing the last session that prices of oil 
products were too high, and that the 
profits of the oil companies were ex- 
orbitant. Factually, the price of oil 
products has increased far less than 
prices of other commodities such as 
food, clothing, and furniture. As of 
August, the combined total of all items 
in the government’s Consumers’ Price 
Index was up 75 per cent over the 
1935-39 average. By contract, gaso- 
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line prices, including tax, increased 
only 341% per cent during the same 
period. Motor-oil prices have ad- 
vanced even less—about 20 per cent. 


Congressional critics of the oil in- 
dustry have pointed to similarity of 
prices and marketing practices among 
the larger oil companies as indicative 
of monopoly and price fixing or 
“monopolistic competition,” as some 
of the new-style economists choose to 
call it. Every student of marketing 
knows that these conditions exist be- 
cause of the intense competition in the 
industry. Each dealer must match the 
lowest price of his competitor or he 
will surely lose business. When any 
marketer of substantial size cuts his 
price, competitors must follow or lose 
business. On the other hand, when it 
comes to increasing the price of a 
product such as gasoline, nobody is 
willing to risk it unless he is convinced 
that the economic forces are such as 
to make the increase clearly justifiable 
and, therefore, likely to be followed 
by his competitors. 

Another huge fallacy that seems to 
have taken root with some members 
of Congress and their expert advisors 
is that oil companies are continually 
holding down production to keep 
prices up and hold back new scientific 
development for the same reason. Ac- 
tually, production figures are break- 
ing all previous records, and they far 
exceed the most optimistic predictions. 
Since 1941 crude-oil production has 
increased 45 per cent, gasoline 35 per 
cent, and fuel oils 60 per cent. Oil 
companies are spending more than 
$100,000,000 a year on research to 
find new and better products and more 
efficient manufacturing processes. 
Competition in the research labora- 
tories is as stiff as it is in the market 
place. No company can afford to take 
a chance on holding back scientific 
and technical development because of 
the risk that a competitor might dis- 
cover it and profit from it first. 


“‘Liquidating Dividends” 

It is apparent from the reports of 
some committees that some members 
of Congress believe that oil profits are 
unconscionably high. Reported dollar 
profits these days are subject to a 
great many qualifications. Original 
cost is no longer a safe guide by which 
to compute replacement cost. Reported 
dollar profits would be drastically re- 
duced if depletion and depreciation 
of capital facilities were figured at 
today’s actual replacement cost. The 
same is true with respect to intangible 
drilling and development costs. It is 
perhaps technically correct to say that 
oil sold at $2.65 per barrel, which 
costs $1.65 to find and lift, returns a 
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POWER COTTON PICKING 
Petroleum-powered cotton 
pickers average a bale every 
90 min, compared to the more 
than 70 hours required for 
hand picking of the same 
amount. The cost per machine- 
picked bale, including wear 
and tear, waste, etc., was esti- 
mated at $42 in the Mississippi 
delta region. The comparative 
total outlay for hand-picked 
cotton was estimated at $52. 











dollar profit; but we in the industry 
know that, if we are to stay in busi- 
ness, we must find as much new oil as 
we are selling. We know—because of 
deeper drilling, increased cost of ma- 
terial and equipment, increased labor 
costs, and more extensive geological 
and geophysical work necessary to 
find new oil—that we cannot replenish 
our crude-oil inventories at today’s 
prices. Thus our big dollar profits be- 
come liquidating dividends. 


Last year the oil industry used two 
dollars out of every three earned to 
replace an@ expand facilities in order 
to keep up and expand output. Let it 
be remembered that facilities pur- 
chased on today’s market are costing 
from two to three times what they did 
prior to the war. As Mr. Sidney A. 
Swensrud, president of the Gulf Oil 
Corporation, has pointed out “.. 
profits must be thought of in terms of 
what they will buy, just as wage rates, 
to mean anything in comparison with 
earlier levels, must be corrected by a 
cost-of-living index.” 


Perennial Scare Headline 


Perhaps the greatest misconception 
that some in Congress have of the oil 
industry is that the country is running 
out of oil in the immediate future. 
This statement has been repeated by 
so many bureaucrats, and some in 
Congress, that it is beginning to take 
root in the public mind. This heralded 
fallacy has become a talking point of 
the politician, the demagogue, the 
bureaucrat, the socialist, and the com- 
munist who advocate government con- 
trol of the industry. It was only 25 
years ago that a governmental bureau 
informed a congressional committee 
that the oil reserves of the country 
amounted to approximately 5 billion 
barrels, or about 214 years’ supply at 
present rates of consumption. 


Despite these prophets of doom, ihe 
American oil industry has since pro- 
duced enough oil to meet the con- 
stantly increasing domestic demand 


THE PETROLEUM ENGINEER, Reference Annual, 1949 








et 


et? 
a. Bethe 


a: 


t 
* 


aS HO 


JO MIIA GidOWdXxXd 


TIGOW 


codys 





| 


VL, 


dWnid 


NS 








"O39 


dxa ay, 


‘quoduaynasoaod 
a] quiivae pur aqvasuvyosoqut ose sieved yuawadvydas sadoy ‘uon 


INNIAW AUVd AMVHHAIVIG LEZ 


"“d¥ood YUAdOoOd 


‘JOvIUT UTeWaI 
* paaouas ore sdutivaq 


: Ajisva ino diys sivad puv sZursvaq 
‘aTqnod) sasnes 


‘smaros deo Om] 


‘W'd'D 00¢€ 03 dn sazis 


OnNI!I11 
€1 Ul IZING — "['Ss'g OOE 03 dn sasnssasd soy ase (paivnsniyr) sdund J satsag sadoy 
dsut sasmnbas voneyy{eisur ue vay Ay 


s yong) ‘puvys adatd-om) Suraowas 


ued xoq Sums oy y, 


uoIsDUIAOZUL BSsOIJMWIOD 4104 OF14M 
Isap Burdtasas ytnb 


s 
‘stva3 Surdwnd ay) aaowas 0} suonau 


did ‘aivjd yorq °° 
-uod adid so ‘s8upunow s0j}0w ‘ssununow dusnd ay qimsrp 0} Asessadau JOU ST I] 


aeredas ase °° 


$a1¥2SNGNI SSa90¥d ANY ‘WNaTOMLad ‘ANIUVW ‘ONIUNLOVANNYW YOs SdWNd 40 SUaaTIN 


‘sajoy Maids youl ul papvasy3 





‘suONDBUUOD 9 


aivejd yovq wo sa 


j3SO9 JaMOT Iv BurdtaJa 
‘aietd aovy aya [ind 


kq 3uryoed adAj-11,7ds yiatm Apyotnb paysedas aq 
s3ununow Jo1ow pur duind 


aduvy yovq pur 
adury oJ °° 


ds puv ow-uMop sind ud 


JUIWA[a USIaIOJ ANINIISAap auOS asnedaq UOTIDA 


CdWNd AYVLOW YIdOH 40 





‘duind gj satsag v jo A[qwoassesip jo [Ivjop ay) SMOYS ‘Jay ay) Iv ‘MATA PapoT 
‘syed Surysom 01 Arrpiqissaa5¥ Asva st udtsap Jadoy jo sasmvay SuIpuvisino ay) Jo UO 


*‘S]aPOU JUaIIN [][e UO 
-Ippe uy “gol ay3 spae 


co 





FACTS ON 


LIGHT-WEIGHT PIPE 


FOR OIL FIELD SERVICE 








This Helpful Book Gives Full Data on 


Applications and 





Performance Advantages Find out how 
Naylor light-weight 


of NAYLOR PIPE pipe can serve you 
better on gas and oil 
NTal-x-ame t-te Cale me) mer-Real-lalale| 
If you have not already lines, water lines, sludge 
lines, vacuum lines, syphon 
pipe, tank gauge pipe, 
fully-illustrated guide for tank swing pipe and 
threaded surface 
casing. 


received a copy of this 


pipe users, call our 


distributors or write direct. 


NAYLOR PIPE COMPANY Mlillheadiedg 


1240 East 92nd Street 
Chicago 19, Illinois Mid-Continent Supply Company 
New York Office Ft. Worth, Texas and Branches 
350 Madison Avenue, New York 17, N. Y Exclusive distributors in 
Mid-Continent and Gulf Coast Areas 

















and to oil another world war, with 
known oil reserves left in the ground 
equal to more than four times that 
estimated by the governmental bureau 
25 years ago. The oil industry is dis- 
covering new and greater reserves 
day by day. With advancing technol- 
ogy for deeper drilling, for getting 
more and better products from crude, 
and for more efficient use, the Ameri- 
can people are assured an adequate 
supply of petroleum products for the 
foreseeable future. The oil industry is 
not content to rest, however. It is un- 
ceasingly advancing its technical and 
scientific information for the develop- 
ment of synthetic fuels from gas, 
shales, and coal, if and when this 
should ever become necessary. This is 
a further guarantee that the oil indus- 
try recognizes its full responsibility in 
supplying the fuel needs of this nation. 


How Come? 


I sometimes wonder if members of 
Congress ever ask how it came about 
that Americans have found more oil 
and developed oil resources more 
rapidly and more extensively than any 
other people. It would seem worth- 
while to seek an answer to these 
questions. If finding oil only involved 
the application of scientific knowl- 
edge, the use of skilled workmen, and 
heavy machinery, I doubt the Ameri- 
cans would excel. 


Scientific knowledge has been de- 
veloped to a high degree in other 
countries where skilled workers and 
machines abound. The prime requisite 
to success in oil finding is freedom to 
explore, as well as the freedom to de- 
velop and produce the oil once it is 
found. Jt is in these freedoms that 
America does excel. In our country 
every landowner can freely dispose 
of the oil under his land. In no other 
country on earth are oil resources so 
readily accessible to the wildcatter as 
in the United States. Unless American 
oil men had been free to drill ex- 
ploratory wells at will, we could not 
have built this great domestic indus- 
try. 

A careful look at our Congress 
leads to the inescapable conclusion 
that they are, in most cases, men of 
superior intellect and high patriotic 
devotion. It is my firm conviction that, 
if they are willing to be guided by the 
facts as submitted by competent auth- 
orities, both inside and outside of in- 
dustry, and if they will follow their 
own sound judgment instead of listen- 
ing to those who have axes to grind 
and who use congressional commit- 
tees to exploit their own pet economic 
theories, the atmosphere for a con- 
tinued healthy, growing oil industry 
will be preserved in this country. 

kkk 
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The Problem of Gas-Well Spacing’ 


Abstract 


Gas-well spacing is not dictated by 
physical recovery, but by economics. 
Theoretical calculations, based upon 
maximum recovery per dollar in- 
vested, indicates spacings very similar 
to those in use in the past. 


The Physical Problem 


Tue spacing problem in natural-gas 
wells, from the physical aspect of ulti- 
mate recovery, can hardly be said to 
exist. Some years ago the author pro- 
posed a solution to this problem, 
which showed that the ultimate re- 
covery from gas reservoirs was practi- 
cally independent of the spacing for 
any reasonable well density; but, al- 
though the problem was explicitly 
stated as one in physical recovery, the 
solution was essentially an economic 





*Union Producing Company, Shreveport, 
Louisiana. 

7+Paper presented to a meeting of the Special 
Study Committee on the Allocation of Pro- 
duction and Well Spacing, under the auspices 
of the Division of Production, during the 28th 
\nnual Meeting of the American Petroleum 
Institute, in the Stevens Hotel, Chicago, IIli- 
10is, November 9, 1948. 
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one, based upon abandonment pres- 
sures. 

Upon further reflection, it is obvi- 
ous that there is no problem of ulti- 
mate recovery in gas reservoirs as a 
function of spacing. Given sufficient 
time, a single well will drain any con- 
nected reservoir; there is nothing to 
prevent it. No dissipation of energy 
occurs as a gas flows through a porous 
reservoir body. The potential energy 
(pressure) is converted into kinetic 
(motion), but the reconversion to 
potential is complete as soon as flow 
stops. Any dissipation of energy into 
heat (friction) is transferred to the 
formation, which again gives it up to 
the gas. 

The basic difference between the 
energy relations of oil and gas reser- 
voirs is that, in gas reservoirs, the 
energy of the fluid accumulation is 
simply PV—the reservoir pressure 
times the volume of gas. This cannot 
be dissipated except by actual produc- 
tion of the gas. In oil reservoirs, on 
the other hand, the energy for expul- 
sion of the oil is, in large part. ex- 





terior to the oil accumulation itself, 
and may be dissipated without attend- 
ant production of oil. 

Because there is no ultimate re- 
covery problem in gas-driven gas 
reservoirs, there is none in water- 
driven reservoirs. Production rates 
which are too high may fail to utilize 
fully the energy available in the water, 
but cannot decrease the ultimate 
physical recovery. As the edge water 
encroaches and inliers form, the res- 
ervoir itself breaks up into separate 
reservoirs—each of which must have 
a well for complete exhaustion and, 
in this limited sense, these can be said 
to be a spacing problem. Such spac- 
ings are obviously particular to the 
field, and cannot be generalized. 

The well-spacing problem can, 
therefore, be returned to its true 
sphere, viz., economic. 


The Economic Problem 


Mathematical solutions to economic 
problems should be made only with 
the understanding that they are to be 
re-examined periodically to insure 
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parameters, can be made under the 
following assumptions: 

1. Flow in the reservoir is viscous 
and isothermal. 


2. The gas obeys Boyles’ law. 

3. All wells are operated constantly 
at a back pressure equal to a constant 
fraction of the closed pressure. 


1. The optimum spacing is defined 
as that spacing yielding the maximum 
net income to the producer. 


\lthough none of these conditions 
is essential, they do permit a simple 
solution, and they do not differ mark- 
edly from actual practices. 


The gas from these wells may be 
produced either at a constantly de- 
clining rate to produce a maximum 
income or at a constant rate to satisfy 
pipe-line requirements. The first is 
analytically simpler; but it is imprac- 
tical, and results in a spacing not 
greatly different from the analyti- 
cally more difficult one of sustained 
capacity. 

Results shown in Figs. 1, 2, and 3 
are based upon a field of the following 
constants: 
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Reservoir pressure.atmospheres 200 
Reservoir temperature. deg F.. 200 


Deviation factor .................... 1.1 
Reserve per acre (15 lb), MCF..21.200 
Reserve for field, MMCF_._....... 100 
Time on which income is 
calculated, years —................ 10 
Operating expenses, per well 
SENS ss RRS: $1,000 


Variables are taken to be the price 
per 1000 cu ft, cost per well, and in- 
itial capacity per well. These are as- 
signed certain basic values: 





Powerful! 


More than five billion husky 
men working continually would 
be required to do the work 
done by U.S.-produced petro- 
leum. On a 40-hour-week 
basis, almost 24 billion men 
would be needed to equal the 
power of petroleum. 











Certainly the most noteworthy point 
about the results is that the spacing is 
not greatly affected by considerable 
change in the variables. The calcu- 
lated spacings are very similar to those 
used in actual practice. The economic 
factors involved in gas production 
have led to a spacing in general ac- 
cord with theory. 


The Analytical Solution 


Under viscous, isothermal flow the 
capacity of J wells in a field will be: 
C= J¢(Pyv?—Pow*) . .. (21) 
When: Pv and Pw are the reservoir 
and working pressures. The amount 
of gas in the reservoir is proportional 
to the pressure. Then, as BPx = Rk: 
» = JB? (Rv?—Ro?) . * ° (2) 
If each well is produced at a rate such 
that Pw « Pr, 
Then: 
a —JopaRv?. . . . . (3) 
Where: 
W is the cumulative withdrawal 
from the reservoir. 
Therefore: 
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Where: 

R, = initial reserve. 
rides. his 

7 = @. = Cit . & 


R, 


With a gross income of JW. a cost pet 
well of ®, and annual operating ex- 
pense of 6: 


I= wW—J(o+6t) . . . (6) 
a 1 

a a he 

= JR, 1 4G J (+ At) 


(7) 
The maximum value of / is obtained 


by differentiating equation (7) with 
respect to / and equating to zero: 


a yCt \ 
Jnax = ce (4.) i| (8) 


If the capacity is to be maintained for 
t years at a constant value, the income 
equation and the well spacing be- 
come: 





STANDARD 
for the Oil Industry 


Since 1912 we have manufactured 
electrical and metal products for 
industry 


Gauge Boards 
MOTOR CONTROL 
CUBICLES 
UNIT SUB-STATIONS 
SWITCHGEAR 
BUS DUCT 


Avail Yourselves of Our 
Engineering Service 
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Box 1138 MFG. CO. DALLAS 
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R, 
CJ, 
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( Re R, 
Where: 
C; = initial well capacity. 
J, = intial number of wells. 


List of Symbols 
C = capacity, MCF per day. 


C; = capacity per well, MCF per 


day. 
J = number of wells. 
daryk 
Vr. 
Vo 


56 = constant. 


ulog 


Py = reservoir pressure. 


Pw = working pressure at well 
bore. 


C = 


] 
~C;J,t —is. . (9) 
R, 


(10) 


8 = constant of proportionality 
- [Ayf(1—s) ] 
A = area of reservoir, square feet. 
y = sand thickness. 
/ = porosity. 
s = interstitial water. 


R = reserve. 
W = withdrawal from reservoirs. 
t= time. 
wv = price per MCF at well. 
- = investment per well. 
4 = annual operating expense per 
well. 
| = net income. 
v = as subscript, reservoir. 


» = as subscript, well. 
= as subscript. initial. y y x 


Power at the Push of | a Button ™ 





WITH THIS 


WISCONSIN 


HEAVY-DUTY 


pin- Coole 


ENGINE..... 


. and 
this Wisconsin Heavy-Duty Air-Cooled Engine 


Push the starter button just once . . 


springs to life, providing effortless power for the air compres- 
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sor that supplies starting air for the big diesel in the background! 


Leading equipment builders and the users of their machines know that all Wisconsin Engines 
deliver heavy-duty dependability and service in the 2 to 30 hp. air-cooled range. . . 


from oil pumps to shot hole drilling rigs . . 


. through midwinter rain and sleet, and 


under the hot summer sun as well. Tough going doesn’t faze such Wisconsin features as 


tapered roller bearings at both ends of the crankshaft .. . 
quick starting and steady running in any weather. 


from sub-zero to 140°F... 


air-cooling in temperatures 


4-cycle, single, two-, and four-cylinder models, 2 to 30 hp. 


WISCONSIN MOTOR 


Corporation 


Le Ge a Se ce Oe ee ene Bae 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 











WRITE TO HARLEY SALES CO. 


510 By a Building, Tulsa, Oklahoma 
M & M Building, Houston, Texas 


Oil field distributors for Wisconsin 
Engines and all types of utility units. 
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Procedures, Benefits, and 


Problems of Unitization 


C. B. CARUTHERS* 


U ninizarion is becoming more and 
more important in oil operations. For 
example, my company entered its first 
unit in 1930. During the next ten years 
we became a party to two more unit 
agreements. In the last nine years, 
however, we have joined in thirty-five 
additional units. I believe our in- 
creased interest in units is somewhat 
representative of the trend in the in- 
dustry. As more and more oil pro- 
ducers and royalty owners realize the 
increased oil recoveries possible by 
unit operations, this trend should ac- 
celerate. | am going to discuss the 
overall subject of unitization in a 
general way. At the end of my talk, we 
can discuss any features of particular 
interest to you. 


Definition of Unitization 


| define unitization as: the act of 
combining separately owned interests 
and rights in certain lands and leases 
in a way that will allow development 
and production without regard to 
lease or property lines. A unit may 
cover everything from the surface 
down. On the other hand, it is possible 
to limit a unit to only oil or gas pro- 
duced from specific formations. Some- 
times operating arrangements be- 
tween owners of working interest only 
are called units, but for this discussion 
| will talk only about those which in- 
volve both the royalty and working 
interest. 


Types of Unitization 


\s I see it there are only two gen- 
eral types of units. The first is the 
spacing unit, where small leases or 
undivided interests are combined to 
form an area conforming to the es- 
tablished spacing pattern for the field. 
These small units are formed for the 
purpose of drilling and producing 
only one well. The second is the field- 
wide unit where separately owned in- 
terests in the productive area of one 
or more reservoirs are integrated. Al- 
though spacing units are of great im- 
portance and essential in oil and gas 


*Unitization Superintendent, Stanolind Oil 
and Gas Company, Tulsa, Oklahoma, who pre- 
sented this paper te the Mississippi Landmen’s 


Association in Jackson, Mississippi, on May 9, 
1949 
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operations, the larger fieldwide units 
are of the most importance. Com- 
ments on fieldwide units apply in a 
general way to spacing units since the 
primary purposes of both are the 
same. 


Basic Purposes of Unitization 

The basic purposes of any unitiza- 
tion are: 

1. To minimize waste, 

2.To increase ultimate recovery, 
and 

3. To protect the correlative rights 
of the owners in the common reser- 
voir; that is, the right of each owner 
to produce or receive his just and 
equitable share of the production 
from the reservoir. 

If these basic purposes can be ac- 
complished to a maximum under or- 
dinary lease operations then there is 
no justification for the formation of 
a unit. I believe that accomplishment 
of these three purposes will meet the 
fundamental requirements of any state 
or federal unitization law or regula- 
tion. Some of you may be wondering 
about the profit angle. As a practical 
matter, the program to be conducted 
must be economically feasible if it is 
to be given serious consideration. 


Methods of Unitization 


There are two general ways of form- 
ing a unit. One, commonly referred to 
as voluntary, is by mutual consent of 
all or a substantial majority of the in- 
terested parties. The other, sometimes 
called compulsory, is by the applica- 
tion of state statutes where available. 

Under the voluntary method, a uni- 
tization agreement is circulated for 
signature of the royalty and working 
interest owners. The unitization agree- 
ment is filed of record as notice to the 
public that the unit has been formed. 
Some leases give the working interest 
owner the option of forming a unit at 
his election. In such cases the work- 
ing interest owners may file a declara- 
tion of record, and thereby form the 
unit without further consulting the 
royalty owners. It is only in rare in- 
stances that the lease grants the right 
to form a unit of an area larger than 
a spacing unit, so unitization agree- 


P 416. 


ments are almost always required 
when forming voluntary fieldwide 
units. 


State Laws 


Where fieldwide units are formed 
by the application of state laws, the 
procedure set out in the statutes gov- 
erns. Ordinarily, the unit becomes ef- 
fective after proper application, no- 
tice, public hearing, and finding of 
the state regulatory body involved 
that the plan is a proper one. The 
statutes in some instances provide for 
the minimum percentage of ownership 
that must approve the plan before it 
will be considered. In other states 
these requirements are left solely to 
the discretion of the regulatory body 
in charge. The states of Alabama, 
Florida, Georgia, and Oklahoma have 
so called compulsory unitization laws 
applicable to fieldwide units and cov- 
ering both oil and gas. Louisiana has 
a statute which provides for compul- 
sory unitization of gas pools for 
cycling purposes. The state regulatory 
bodies in Arizona and Illinois can 
compel the unitization of state lands. 
Several other states, including Arkan- 
sas, Michigan, Mississippi, and New 
Mexico have compulsory unitization 
laws applicable to spacing units. 


The Oklahoma fieldwide statutes 
along this line have probably received 
more publicity than those of any other 
state. In Oklahoma, the owners of 50 
per cent or more of the working in- 
terest in the area proposed for uniti- 
zation, computed on a surface acreage 
basis, must join in the initial applica- 
tion to the Corporation Commission 
for a unit plan of operation. If the 
Corporation Commission finds that 
the plan is fair and proper, it will is- 
sue an order approving the plan. This 
order becomes effective within 60 


days, unless owners of 15 per cent or - 


more of the working interest file a 
written protest. Written protest by 15 
per cent or more will vacate the order 
of the Corporation Commission. If 
the order is not protested and becomes 
effective, all working interests and all 
royalty interests in the unit area are 
unitized. You will note that the un- 
usual feature of this procedure is that 
it is not necessary for the royalty own- 
ers to sign anything approving the 
unit ; however, the royalty owners and 
all other interested parties do have 
ample opportunity to appear at the 
public hearing held by the commission 
on the application and to support or 
oppose the application as they see fit. 


Louisiana Procedures 
On the other hand, in Louisiana, 
the commissioner is authorized, after 
notice and upon hearing, to determine 
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the feasibility of a fieldwide unit cov- 
ering gas cycling operations. This 
would seem to authorize the commis- 
sioner to proceed on his own motion 
in a proper case without the need of 
obtaining the consent of either work- 
ing interest or royalty interest own- 
ers. However, in practically all in- 
stances, the consent of the majority of 
the working and royalty interest own- 
ers has been obtained prior to the 
filing of an application for a fieldwide 
unit covering gas cycling operations 
in Louisiana. 

In your work you have probably 
heard some very good arguments both 
for and against compulsory unitiza- 


tion. My over-all feeling on the sub- - 


ject is that before a unit is formed by 
application of state statutes, a substan- 
tial percentage of the royalty and 
working interest owners should be in 
favor of the plan. On the other hand, 
owners of a minority interest should 
not be allowed to block a unit agree- 
ment that (beyond a reasonable 
doubt) will increase recoveries, pro- 
mote conservation and protect the 
rights of all parties involved. There is 
a definite need in most oil-producing 
states for compulsory fieldwide uniti- 
zation statutes. There is no doubt in 
my mind that many additional units 
of a highly desirable nature would be 
in operation today if adequate statutes 
were on the books. 

The Federal government has been a 
strong advocate of unitization of fed- 
eral lands since the early 30’s. Since 
that time, some 275 units involving 
federal lands have been approved by 
the Secretary of Interior. Many val- 
uable deposits of oil and gas have 
been discovered and are being devel- 
oped within these units. 


General Procedure 


Here are some of the fundamental 
steps in building a fieldwide unit: 

1, All of the geological and engi- 
neering information on the area must 
be analyzed thoroughly. If this an- 
alysis shows waste can be minimized, 
ultimate recovery can be increased, 
and correlative rights can be protected 
directly or indirectly as the result of 
unitization, then unitization should be 
attempted. 

2. Having decided to unitize, the ap- 
plicable state and federal laws, rules, 
and regulations must be examined. 
This examination will reveal the type 
of plan and form of application re- 
quired. In this connection, you should 
remember that the Department of In- 
terior has rather specific and detailed 
rules and regulations where federal 
lands are involved. 


3. Working interest owners then 
must agree on these things: 





a. 


b, 


—_— 


c 


h. 
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The area to be included, usually 
referred to as the unit area. 

The formations and substances 
to be unitized. 


. The designation of a unit opera- 


tor. 


. The powers of the unit operator. 
. Method of controlling operation 


of the unit and actions of the unit 
operator. 


. Method of allocating unitized 


substances. 


e. The manner in which costs and 


expenses are to be borne. 
How investment in existing wells, 





equipment and facilities will be 
adjusted. 

i. The method of handling title ex- 
aminations. 

j. The accounting procedure which 
is to govern. 

k. How the unit area is to be en- 
larged or contracted. 

1. The term or life of the unit. 

m. Any other questions peculiar to 
the project. 


4. Agreements incorporating all of 


the legal and operating features to the 
satisfaction of all parties and interests 
must be prepared. 

5. The agreements must be ap- 
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RECYCLING PLANT. 
Series 400 Hall-Scotts 
keep pumps at work 
‘round the clock. 


VERSATILE PERFORMER 


in oil field, pipe line, and refinery ! 


For dependable power for pumps, generators, drilling rigs, 


draw works, booster equipment, power stations... get Series 


400 Hall-Scott Engines! Delivering high torque at low r.p.m., 


Hall-Scott Engines require minimum attention, keep main- 
tenance costs down. They’ll. burn butane, natural gas, or 
gasoline. Complete data on request. . 


HALL~scoTT Al 


MOTOR DIVISION 
ACF-BRILL MOTORS COMPANY 
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Factory and Main Office: Berkeley 2, California 





Branches: Boston * New York * Chicago * Dallas * Los Angeles * Berkeley * Spokane 
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proved by sufficient parties and regu- 
latory agencies to permit effective 
unit operations in accordance with the 
terms of the agreements. 


Unitization Benefits 


We should now consider some of 
the benefits possible as the result of 
unitization: 


|. Any proper plan of unitization is 
definitely in the public interest. Pe- 
troleum is an exhaustible natural re- 
source and each barrel of additional 
oil recovered, as the result of better 
operating practices possible with uni- 
tization, is the equivalent of a barrel 
of oil discovered. This is particularly 
significant because new reserves are 
becoming harder and harder to find. 
it is the duty of the oil operators to 
recover every possible barrel of oil 
from the sources now proved. 


2.A proper unit plan will benefit 
the interested parties in some and pos- 
sibly all of the following ways: 


a. All development and operations 
within the unit area may be conducted 
without regard to lease and property 
lines which means that: 


(1) Controlled pressure decline 
or secondary recovery programs in- 
volving the injection of water, gas 
or other extraneous fluids may be 
inaugurated so that substantial in- 
creases in ultimate recovery will re- 
sult. This is considered the major 
advantage of unitization because 
many increased recovery projects 
are impractical er. inefficient on a 
lease basis. 


(2) Wells drilled after the ef- 
fective date of a unit may be located 
at the most favorable structural po- 
sitions where they will make a maxi- 
mum contribution to ultimate recov- 
ery. 

(3) The drilling of wells that will 
not contribute to the ultimate recov- 
ery may be eliminated. 


(4) The natural energy con- 
tained in the reservoir may be used 
to the very best advantage. For ex- 
ample, wells which produce ineffi- 
ciently because of high gas-oil or 
water-oil ratios may be shut-in and 
production taken from more efli- 
cient producers. 


(5) Investment in lease and other 
surface equipment and operating 
expenses may be reduced by the con- 
solidation of lease and other facili- 
ties and by having only one field 
organization. Another reduction in 
operating expenses may be accom- 
plished by delaying or eliminating 
entirely the necessity for artificial 
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lift equipment, as the result of main- 
taining reservoir pressure. 


(6) Accounting costs of both the 
operator and non-operator are re- 
duced by the use of asummary form 
billing covering the entire opera- 
tion instead of handling the ac- 
counting for each separate lease 
in the unit. 


b. Usually all oil and gas is col- 
lected and utilized either through sales 
or by injection to the end that maxi- 
mum economic return is realized by 
all parties. This means that wasteful 
practices, such as gas flaring, may be 
discontinued. 


c. In some states gas-oil ratio penal- 
ties may be eliminated or greatly re- 
duced by injecting the casinghead gas 
back into the reservoir. This results in 
higher allowables and allows the oil 
to be recovered in a more efficient 
manner. In certain states, particularly 
in Texas, injection of gas may pre- 
vent oil properties from being shut 
down entirely. I assume that gas in- 
jection would not be feasible on a lease 
basis, so credit these benefits to uniti- 
zation. 


d. Cycling of wet gas reservoirs, not 
usually feasible without unitization, 
results in recovery of the liquid hydro- 
carbons in a more efficient manner 
and usually at an increased rate. In 
cases where there is a possibility that 
some of the liquids would drop out 
in the reservoir and become unrecov- 
erable if the pressures were allowed to 
decline, the increased recovery as the 
result of maintaining pressure may be 
appreciable. 

e. The operation of a unit by one 
operator permits the assembling of 
complete geological and engineering 
information. This makes it possible to 
operate the unit much more efficiently 
than if each lease were operated on 
the basis of its lease information only. 

f. Each working interest and royalty 
owner participates in production for 
the entire life of the unit, regardless 
of when the particular lease he con- 
tributed to the unit ceases to produce. 
This means that in addition to other 
benefits, each owner is assured of an 
income until the reservoir is depleted. 


g. Certain additional advantages re- 
sult from including federal lands in 
units. For example, 

(1) Such lands are eliminated 
from acreage charges against their 
working interest owners. 

(2) Term leases are perpetuated 
for the life of the unit. 

(3) A new discovery, after the 
effective date of the unit, entitles 
the working interest owners to a 
straight 1214% royalty rate even 





. though the federal lease may pro- 
vide for a higher rate. 


The royalty owners may contend 
that some of the above advantages 
benefit only the working interest own- 
ers; however, anything that benefits 
the working interest owners will, | 
feel, also benefit the royalty owners. 
The reason for this is that savings to 
the working interest owner will allow 
economic operations to a lower pro- 
ducing rate. This-in turn will result in 
greater ultimate recovery and a greater 
total income to the royalty owner. 
Unitization should be particularly at- 
tractive to the royalty owner because 
he doesn’t have to pay any of the addi- 
tional costs. In other words, the work- 
ing interest owners put up all of the 
money and take all of the chances. If 
the program is successful, the royalty 
owners get a share of the increased 
recovery. If the working interest own- 
ers make a mistake, it still doesn’t cost 
the royalty owners anything. 


Unitization Problems 


You may say that the advantages of 
unitization sound all right, but what 
about some of the objections raised 
by royalty and working interest own- 
ers who are not sold on this method 
of operation. For this reason, I would 
like to mention some of the problems 
frequently encountered, and to at- 
tempt to give you some ideas to use in 
overcoming these problems: 


1. A general lack of knowledge of 
the unit plan of operation is probably 
the largest single obstacle found. In 
other words, many working interest 
owners and a majority of the royalty 
owners just don’t know what you are 
talking about. This situation prevails 
in spite of the fact that the theory of 
unitization was advanced some 35 
years ago, and some unit projects have 
been in operation over 20 years. Over- 
coming this condition is the job of the 
people promoting a unit plan. If you 
are trying to unitize an area, you must 
take the time and trouble to develop a 
complete and simple explanation of 
what you are proposing and how it 
will affect everybody concerned. The 
landman, or whoever is to take the 
agreements around for signature, must 
understand the program well enough 
to explain it to those he will ask to 
sign. 

2. One of the largest hurdles in ne- 
gotiating a unit is the basis of partici- 
pation. The basis of participation de- 
termines how each party will share in 
unit production. This is where “pro- 
tection of correlative rights’ comes 
into play. If the working interest own- 
ers can agree on participation they can 
usually agree on the other features 
without very much trouble. Difficulty 
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Job Engineered’ 





“Every piston ring application job requires 
special study. There’s a difference in loads, in 
pressures, in fuel oil, in lubrication, in cylinder 
wear and in many other factors. All of these 
conditions must be taken into account in deter- 
mining the piston ring combination that will give 
you the best results. 

‘That's what we mean when we say every 
Cook Ring installation is job engineered. We 
supply you with a questionnaire on which you 
fill in all the data having a bearing on your 
particular operating and engine conditions. 
Where you do not have the re- 
quired data we will help you get 
it. From this information our en- 
gineers determine and recom- 
mend the ring set-up you need 
—the combination that’s right 
for your engine with your loads 
under your service conditions. 







site IS: 


“Yes, sir...COOK RINGS are 


GRAPHITIC IRON 


XJ \J 


PISTON RINGS 


“You get the combination exactly suited 
to Your operating and engine conditions” 


The result is a ring installation that assures 
you of maximum engine efficiency with mini- 
mum maintenance. 


‘Yes, sir, it’s sound operating practice to 
have your piston rings engineered specifically 
for the job they have to do. Our staff of trained 
field men are always available for this purpose.” 


C. Lee Cook Mfg. Co., Inc., Louisville, Ky. 
Branch offices in Baltimore, Boston, Chicago, 
Cleveland, Houston, Los Angeles, Mobile, New 
Orleans, New York, San Francisco, and Tulsa. 
















in agreeing on participation will re- 
sult if the negotiators assume a highly 
technical attitude. In other words, the 
negotiators must recognize the neces- 
sity of compromising various inter- 
pretations as to the relative value of 


tracts before progress can be made. In . 


some cases, a negotiator will use the 
fact that his properties are essential to 
the success of the program in an ef- 
fort to obtain a participation greater 
than that to which he is entitled. Such 
an attitude may prevent the honest ap- 
proach to participation that is neces- 
sary. The working interest owners 
must never lose sight of the fact that 
the interest (correlative rights) of 


each royalty owner must likewise be 
protected in unit negotiations. About 
the only solution to these problems of 
participation is to try to prevail upon 
the negotiators to be fair and open- 
minded in solving the problem. 

3. You sometimes encounter parties 
who are not necessarily against uniti- 
zation, but who do not believe the 
method of operation to be followed 
under unitization will result in in- 
creased recoveries. This attitude 
usually represents an honest difference 
of opinion. The best means of show- 
ing the probable benefits of the pro- 
posed operation is to show the results 
of asimilar program which has proved 
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successful in a comparable field. I/ in- 
formation of this type is not available. 
it is necessary to rely on theoretical 
reservoir calculations. Both high and 
low pressure injection projects are 
becoming more numerous and it 
shouldn’t be long before we can point 
to successful projects in nearly all 
areas. 


4.Some states have either inade- 
quate or no unitization laws, which 
sometimes provides a serious obstacle 
to unitization. For example, Texas’ 
statutes are silent on unitization for 
oil, except that state lands may not be 
so unitized. This simply means that 
unitization of state lands in Texas for 
the production of oil is out of the 
question.* Without going into detail 
it is considered sufficient to say that 
with 3 or 4 exceptions, state statutes 
regarding unitization leave much to be 
desired. The problem of adequate state 
statutes is one for the respective legis- 
lative bodies to handle. It is encourag- 
ing to note that in most oil producing 
states, these bodies are making an ef- 
fort to provide unitization laws. In 
Texas for example, the legislature now 
has under consideration the Moffett 
Unitization Bill, which if approved 
will adequately take care of this situa- 
tion. Of considerable benefit along 
this line is the work being done by 
oil industry organizations such as the 
Section of Mineral Law of the Ameri- 
can Bar Association and the Interstate 
Oil Compact Commission. Recogni- 
tion is also due those state senators 
and representatives who recognize the 
problem and are attempting to do 
something about it. 


5. You frequently hear working in- 
terest owners say they are afraid a 
unit organization will be classed as an 
association and thus taxable as a cor- 
poration. This objection can be over- 
come if the joint operating agreement 
is properly written. The Bureau of In- 
ternal Revenue has recently issued rul- 
ings on joint operating agreements 
(IT 3930 and IT 3933) regarding the 
association angle. These rulings, now 
being clarified and adopted, will make 
it possible to prepare joint operating 
agreements so as to practically elimi- 
nate any possibility of taxation as a 
corporation. Right now it appears that 
if each party has the right to take in 
kind and to individually market his 
share of unitized substances there is 
no danger of double taxation. 

6. Working interest owners some- 
times decline to join in a unit for fear 
that damages will be awarded royalty 
or working interest owners who do not 
join. Such liabilities are definitely 
minimized if all parties are initially 


*Editor’s note: The Texas legislature passed 
a unitization measure in May, 1949. 
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offered an opportunity to join in the 
unit on a fair and equitable basis. An- 





i] other protection is that in forming vol- 
d untary units it is necessary to get a 
e€ very high percentage of all interest 
it owners to join before the plan can op- 
it erate efficiently. This leaves only a 
ll small percentage of unsigned interest 


owners and the possible liabilities are 
q correspondingly small. It is the prac- 
h tice of practically all working interest 
" owners to settle with their non-joining 
2 royalty owners on a lease basis. In 
those states where the statutes provide 


i for compulsory unitization the possi- 
t bility of such damages is further re- 
i duced. 

_ _7.Some working interest owners 
] feel that they can operate their prop- 
t erties better than a unit operator 
: could. This feeling can be overcome in 
: some instances by letting that particu- 
“ lar party operate the unit. If this ar- 
i rangement isn’t practical it is neces- 
4 sary to enumerate the many beneficial 
services the Unit Operator will render 
j at a nominal cost. Examples of units 
: operating successfully may also prove 


convincing. 

t 8. Working interest owners occa- 
j sionally question each others’ motives. 
This is particularly true where one op- 
erator owns a substantial portion of 








d the area to be unitized. In this situa- | 

. tion the job of demonstrating the fair- | 

4 ness of the plan falls to the working | 

‘ interest owner promoting the unit. | 

4 Complete information presented in a_ | ui 

; clear and understandable manner will | 

. do much to eliminate suspicion. Ac- | 

a tually there is no incentive for the pro- 
moting parties to withhold any perti- 
nent information if the project is open 

: and above board. 

" Future of Unitization 

; The theme of this discussion has 

. been that the largest task facing us 

t in future unitization efforts is one of 

‘ education. It is a lot of trouble to ex- 

% plain how unitization works to the 

. large number of parties ordinarily in- 

° volved in an operation of this type. On 

M the other hand, I believe the expected 

. benefits in the form of increased re- 

g covery and the conservation of natural 

a resources far out-weigh the work in- 

. volved. 

t As mentioned earlier, it is with in- 

. creased difficulty that new reserves are | 

* being found. It is not only the desire | 

S hut the duty of oil operators to con- | 
serve and recover every possible bar- | 

.. rel of oil which has already been dis- | 

r covered. I believe unitization not only | 

. can but will play an important role in | 

it achieving these goals. 

ly By way of summary, it appears the 
rate of increase in the number of unit 
operations will depend primarily on | 

- (1) how fast working and royalty in- 
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terest owners can be educated as to 
the advantages of units, (2) how suc- 
cessful the operations of completed 
units prove to be, and (3) the rapidity 
with which states adopt adequate uniti- 
zation laws. 
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@ In the heart of the Permian Basin, on a section 
of land which up to a couple of years ago, had 
been inhabited mainly by jackrabbits, coyotes 


and road-runners, there are big things going on. 


Right where you would least expect it, Texas 
Electric Service Company has built the new, 
stream-lined Permian Basin steam power plant 
of 50,000 kilowatts capacity, half of which — 
25,000 kilowatts — has been on the line since 
last June, serving the many and varied industrial, 
residential and commercial! enterprises of this 
great and growing area. The other half — the 
second two generating units of 12,500 kilowatts 
each — has just been completed. 


In addition to this ultra-modern power plant, 
other expansion developments of Texas Electric 
Service Company have included new transmis- 
sion and distribution lines —new and enlarged 
substations—and other new and improved elec- 
tric power service facilities to make this addi- 
tional power available whenever and wherever 
in the Permian Basin area it is needed. 


The power system of Texas Electric Service Com- 
pany has for many years supplied electric power 
for well pumping, pipe line pumping, refining 
and well drilling in many Permian Basin oil fields. 
Electric power, through these many years, has 
been one of the greatest single aids in the de- 
velopment of the Permian Basin's oil potentials. 


TEXAS ELECTRIC SERVICE COMPANY 


General Office: Fort Worth 
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Hydrafrac Process for Increasing 


the Productivity of Wells’ 


Abstract 

The oil industry has long recog- 
nized the need for increasing well 
productivity. To meet this need, a 
process is being developed whereby 
the producing formation permeability 
is increased by hydraulically fractur- 
ing the formation. 

The “Hydrafrac” process, as it is 
now being used, consists of two steps: 
(1) Injecting a viscous liquid con- 
taining a granular material, such as 
sand for a propping agent, under high 
hydraulic pressure to fracture the 
formation; (2) causing the viscous 
liquid to change from a high to a low 
viscosity so that it may be readily dis- 
placed from the formation. 

To date the process has been. used 
in 32 jobs on 23 wells in 7 fields, re- 
sulting in a sustained increase in pro- 
duction in 11 wells. 


Need for Process 


Axrnovcn explosives, acidizing, and 
other methods have long been used, 
there still exists a need for artificial 
means of improving the productive 
ability of oil and gas wells, particu- 
larly for wells which produce from 
formations which do not react readily 
with acids. This paper discusses the 
development of a hydraulic fractur- 
ing process, “Hydrafrac,” which 
shows distinct promise of increasing 
production rates from wells produc- 
ing from any type of formation. The 
method is also considered applicable 
to gas and water injection wells, wells 
used for solution mining of salts and, 
with some modification, to water wells 
and sulphur wells. 


Requirements of Process 


In considering such a possible proc- 
ess, it appeared that certain require- 
ments must be met. Some of these are 
as follows: 

A. The hydraulic fluid selected must 
be sufficiently viscous that it can 
be injected into the well at a pres- 
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ing and Metallurgical Engineers, Dallas, Texas, 
October 4-5-6, 1948. 
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J. B. CLARK? 


B. The hydraulic fluid should carry 
sure high enough to cause fractur- 
ing. 
in suspension a propping agent, 
such as sand, so that once a frac- 
ture is formed, it will be prevented 
from closing off, and the fracture 
created will remain to serve as a 
flow channel for oil and gas. 

C. The fluid should be an oily one 
rather than a water-base fluid, be- 
cause the latter would be harmful 
to many formations. 

D. After the fracture is made, it is 
essential that the fracturing fluid 
be thin enough to flow back out of 
the well and not stay in place and 
plug the crack when it has formed. 

E. Sufficient pump capacity must be 
available to inject the fluid faster 
than it will leak away into the 
porous rock formation. 

F. In many instances, formation pack- 
ers must be used to confine the 
fracture to the desired level, and 
to obtain the advantages of mul- 
tiple fracturing. 


Development of Process 


As a necessary step in the develop- 
ment of this process, it was deemed 
advisable to determine if the Hydra- 
frac fluids were actually fracturing the 
formation, or whether these special 
fluids were merely leaking away into 
the surrounding formation. To de- 
termine this, a shallow well, 15 ft 
deep, was drilled into a hard sand- 
stone. Casing was set, the plug drilled, 
and the well deepened in the conven- 
tional manner. A fracturing fluid 
dyed a bright red was used to break 
down the formation. Sand mixed with 
distinctively colored solids was in- 
jected into the well with the fractur- 
ing fluid to prop open any fracture 
made in the formation. A simulated 
gel breaker solution dyed a bright 
blue was then pumped into the well to 
determine if the gel breaker would 
follow the first solution. 

The results are shown in Fig. 1. It 
was noted that a fracture was formed 
about the well bore, that the propping 
agent was transported back into the 
break, and that the breaker solution 





THE PETROLEUM ENGINEER, Reference Annual, 1949 


did actually follow the fracturing gel 
out into the fracture. 

While it is realized that this shallow 
well test is probably not exactly 
equivalent to a deep test, the results 
were interpreted as being a definite 
indication of what happens down the 
hole during a Hydrafrac job. 


Steps of the Hydrafrac Process 


Fig. 2 shows a simplified cross- 
sectional view of a well treated by 
one version of the process. The first 
step, formation breakdown, is done 
with a viscous fluid, usually consisting 
of an oil such as crude oil or gasoline, 
to which has been added a bodying 
agent. Due to availability and price, 
war-surplus Napalm has been used in 
the majority of experiments to date. 
Napalm is the soap which was used in 
the war to make “jellied gasoline.” 
The next step consists of breaking 
down the viscosity of the gel by in- 
jecting a gel-breaker solution and then 
after several hours, putting the well 
back on production. Fig. 3 shows 
diagrammatically, a typical field hook- 
up. The oil or gasoline is unloaded 
into the 10 bbl tank shown on the left 
rear of the truck. This base fluid is 
picked up by the mixing pump: and 
pumped through the jet mixer, where 
the granular soap is added. Next it 
goes into a small mixing tub, from 
which the high-pressure pump takes 
suction. The solution is then pumped 
into the well. The breaker solution is 
then taken from an extra tank and is 
displaced into the well immediately 
following the gel. When required, ad- 
ditional trucks may be connected to 
the well so as to pump the fluids at a 
faster rate. 


Planning the Field Job 


The planning of a Hydrafrac job 
requires detailed consideration of the 
individual well conditions. Selection 
of the pumps and of the kind and 
amount of hydraulic fluid, for ex- 
ample, depends upon the thickness and 
permeability of exposed producing 
formation, the bottom hole formation 
pressure, the well depth, the pipe size 
and condition, and upon the weight, 
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lt pays to centralize! 





_the BAKER way 





QO NLY through the effective cen- 
tering of your casing in the open 
hole can you obtain a sufficiently 
uniform annular cementing space to 
permit distribution of the cement 
slurry completely around the casing. 
Under this condition the hazard of 
channeling is minimized and the 
success of the installation is ensured. 


FOR INSTANCE 

Even in cementing a fence post in 
a post hole, you make sure that it 
is centered before you pour your 
concrete. You place the concrete all 
1round the post. And you know you 
are doing a good job because you 
can see what you are doing through- 
out the entire operation. 


BUT YOU CAN'T SEE 

DOWN AN OIL WELL! 

And since you can’t see that your 
casing is properly positioned in the 
open hole, you can only TRUST to 
the effectiveness of the centeralizers 
you have mounted on your casing. 


HOW CAN YOU BE SURE? 

The point is, how can you have a 
justifiable confidence that the centra- 
lizers you are using are actually 
delivering to the bottom of the hole 
all of the centering force they 
appeared to have when you admired 
them on the rack? 


APPEARANCES CAN BE DECEIVING 

You don’t judge a racing car on the 
floor of a display room. It may look 
sleek and powerful there, all right, 
but that isn’t enough to convince you 
to place your bets on it. No, you 


judge a racing car during a race— 
during every lap of the race, but 
especially during the final, grueling 
sprint to the finish line. 


You can’t judge a casing centra- 
lizer on the derrick floor. It may 
look rugged and potentially effective 
there. But that’s not where you cen- 
ter your casing. You judge a centra- 
lizer by its ability to deliver effective 
centering force to the bottom of the 
hole where its job must be done. At 
least, that’s the way you'd like to be 
able to judge it. The rub is that you 
can’t see what’s going on at the bot- 
tom of the hole. 


BUT THERE IS A WAY TO KNOW ... 


Yes, there is the Baker way — the 
scientific approach. 


The test of a centralizer is its abil- 
ity to exert maximum centering force 
AFTER the repeated flattening of its 
springs during the trip down-hole. 


That’s why our testing laboratory 
here at Baker has been kept in con- 
stant use during the design, develop- 
ment, and actual proving of our 
centralizer. Comprehensive tests, 
simulating every conceivable hole 
condition to which a centralizer is 
subject, were performed by Baker 
engineers in arriving at the unique 
design of the Baker Model ‘‘G” 
Casing Centralizer—The truly scienti- 
fically designed spring-type centra- 
lizer. During the course of these tests, 
every type of spring-type centrali- 
zer design was studied. The exclusive 
Baker Model ‘“‘G”’ design proved 
convincingly to be the optimum. 





YOU CAN DEPEND UPON A 

BAKER CENTRALIZER 

When you run a Baker Model “G” 
Casing Centralizer you can rest 
assured that it will do a proper cen- 
tering job. As an operator, you need 
no longer worry about trial-and- 
error centering of your casing, be- 
cause a Baker centralizer is a proven 
centralizer. Because of its design, the 
Baker Model “G” Casing Centrali- 
zer Offers many exclusive advantages 
as well as desirable features. 


1. It exerts maximum centering 
force where it is needed—not 
as the centralizer first enters 
the well bore or above the first 
well constriction, but after 
even the most rugged trip to 
the bottom of the hole where 
its actual centering job must 
be done. 





Baker Model ‘‘G’’ Casing Centralizer, 
Product No. 910-G 
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ER SOLUTION. 


FIG. 1. Shallow well Hydrafrac job. 





strength, and compressibility of the 
overburden. 

Individual items that must be con- 
sidered in the planning, and the 
method of meeting the detailed re- 
quirements for the fracturing fluid 
and equipment, are discussed in de- 
tail below, under the corresponding 
headings of hydraulic fluid require- 
ments, pump requirements, and packer 
requirements. 


Hydraulic Fluid Requirements 

The usual hydraulic fluid require- 
ment is for an oil phase material with 
viscosity between 50 and 150 centi- 


poises or higher, depending on the 
individual job. It has been found that 
Napalm soap and similar soaps pro- 
vide the desired characteristics. Na- 
palm can be added to gasoline, kero- 
sine, or other refined petroleum cuts 
to produce gels having any desired 
viscosity up to considerably over 300 
centipoises. 

Hydraulic Base Fluids. The ideal 
fluid should be an oily one rather 
than a water base fluid, to avoid de- 
creasing the permeability of the for- 
mation to oil or gas. This requirement 
is met by the Napalm gel being used. 
Water base fluids, however, would be 


advantageous in treating water wells, 
or water injection wells used in either 
the oil industry or industries where 
water is used in solution mining of 
salts, and in the Frasch process of 
mining sulphur. There is also some 
reason to believe that a water base 
fluid could be used successfully in oil 
or gas wells. In other words, it is 
entirely possible that the benefits de- 
rived from hydraulically fracturing 
the formation may be great enough to 
overcome the decrease in permeability 
caused by water wetting of the oil or 
gas sand. It is known, for example, 
that limestone reservoirs can be acid- 
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ized with an acid solution that is as 
high as 80 or 90 per cent water, with 
a resulting increase in well productiv- 
ity. Future work with this process may 
indicate that is is more economical to 
use a water base for the hydraulic 
fracturing fluids than the more expen- 
sive gasoline and crude oil base fluids, 
particularly in formations not appre- 
ciably contaminated with argillaceous 
materials. 

Sand Carrying Capacity of the 
Fliud. It is often desirable that the 
hydraulic fluid should carry in sus- 
pension a sufficient amount of strong 
granular material such as sand to be 
used as a propping agent to keep the 
fracture from closing off after release 
of pressure. The high viscosity of the 
Napalm gels makes them well suited 
to transport such material. 

Breaking of the Fracturing Fluid 
Viscosity. After the fracture is made, 
the fracturing fluid must be thin 
enough to flow back out of the well. 
The Napalm gels have the advantage 
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FIG. 4 


of being relatively unstable, so that 
the viscosity of the solution will revert 
to approximately that of the base oil 
after the fracture is formed. 


A further advantage of the Napalm 
gel is that its time of reversion to a 
sol is controllable within definite lim- 
its. For example, it has been found 
that 14 per cent to 1 per cent of water 
added to a Napalm-gasoline gel will 
cause reversion to a sol within 8 to 
24 hr, which gives ample time for 
performing the Hydrafrac job. Na- 
palm-gasoline gels will revert to sols 
within an hour or two if they are in 
quiescent contact with either salt water 
or many types of crudes. Furthermore, 
it is also possible to use solutions 
which will break these gels in a few 
minutes under quiescent contact con- 
ditions. One example is a 2 per cent 
solution of petroleum sulphonates in 
gasoline or crude oil. This allows one 
to follow the Napalm gel with a sec- 
ond solution to insure its more rapid 
reversion to the sol condition. 


Pump Requirements 

Starting with well depth, fluid vis- 
cosity, formation thickness, and per- 
meability and bottom hole pressure, it 
is possible to compute with fair ac- 
curacy, the pump rate necessary to 
fracture a formation and to extend 
the fracture after it is first made. Fig. 
4 and 5 enable rapid determination of 
(1) pump capacity required to frac- 
ture a formation and to extend the 
fracture in the formation and (2), the 
necessary fluid viscosity to fracture 
and to extend the fracture in the for- 
mation with a given pump rate. These 
charts are based on a number of as- 
sumptions which would seem to over- 
simplify the computations, but never- 
theless they have been found to be 
reasonably accurate in practice. 

Field experience has shown that the 
successful Hydrafrac treatment re- 
quires a definite fracturing of the for- 
mation, as indicated by a decrease in 
injection pressure. This decrease in 
pressure is clearly shown on several 
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(ABLE 1. Calculated vs. actual forma- 
tion breakdown pressures. 





Bottom hole pressure (psi) 


Field Well Calculated Actual 
Kast Texas.. siva-ar ee 3000 3350 
Rangely, C olorado...... EF 4800 4900 
Hugoton, Kansas....... AA 2500 2000 
East Sasakwa, Oklahoma FA 2600 2400 
Frannie, Wyoming.. BB 2700 2750 





= 





of the following charts. Table I, be- 
low, compares calculated breakdown 
pressures with those observed in the 
field. A comparison of the data pre- 
sented in this table indicates a close 
agreement between the two figures. 
Table 2 illustrates typical results of 
such computations made using data 
from Fig. 4 and 5. It is apparent from 
this table that, in formations of nor- 
mal permeability, it is impossible to 
employ a fluid of high penetrating 
ability, such as the usual low-viscosity 
crude oil, for fracturing or extending 
the fracture. On sands such as in the 
East Texas Field, it would require a 








TABLE 2. 
Pump rate to fracture hydraulically. 





East HugotonEast Texas 
Sasakwa field field 
field Ft. Riley Woodbine 


Booch sand lime sand 
Amount of open hole...... 35 ft 35 ft 20 ft 
Average formation per- 
meability.......... 150md 13md 2000 md 
Bbl/min to fracture 
Crude oil-5 centipoises. . 2 13 21 
Gel-100 centipoises. . . 0.1 007 1 


Bbl/min to extend fracture 
to 50 ft radius 
Crude oil-5 centipoises. 11 1 213 


Gel-100 centipoises. ... . 0.6 0.05 10.7 
Pressure to fracture....... 2100* 1700* 2900* 
1250** 900**  1700** 

Pressure to extend fracture 1700* 1350* 2600* 
850** 550** 1400** 


*Bottom hole pressure (psi). 
**Surface pressure (psi). 








crude oil injection rate of 21 bbl per 
min at approximately 2000 psi in 
order to fracture the formation, which 
is beyond practical limits, since the 
largest portable oilfield pumps deliver 
only about 3 bbl per min at this pres- 


FIG. 5 


sure. However, it is obvious from Fig. 
3 that by using a higher viscosity 
material such as a 100 centipoise gel, 
the pump requirements are dropped 
to within practical limits both for 
fracturing and for extending the frac- 
ture. 


Packer Requirements 


In wells where the exposed sand sec- 
tion is quite thick, special precautions 
must be taken so that the hydraulic 
fracturing operation can be performed 
at more than one depth. Ordinarily, 
the formation will fracture but once, 
and the relative increase in production 
due to this single fracture might be 
negligible in a well having a large 
amount of productive sand thickness. 
To obtain the benefits of multiple frac- 
turing, it is necessary to set special 
formation packers against the wall of 
the hole so as to isolate sections of a 
few feet in thickness before applying 
the Hydrafrac process. This technique 
is also important where it is necessary 
to prevent the fracturing fluids from 
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entering non-productive formations 
which may alternate with the produc- 
ing zones exposed to the well. Packers 
are also required in some instances to 
keep the high pressures of the process 
from injuring pipe. Inflatable packers 
have been found best for this work, 
but due to the fact that such packers 
are still in the development stage, con- 
siderable mechanical difficulty has 
been experienced with them. 


Hazards 


The Hydrafrac process is accom- 
panied by a considerable hazard to 
personnel. The materials usually used 
are inflammable and explosive, and 
this, together with the use of internal 
combustion engines, makes this proc- 
ess rather hazardous. It is believed, 
however, by exercising due caution 
such as covering mixing tubs and pip- 
ing off engine exhausts‘that this proc- 
ess need not be more hazardous than 
the handling of any other inflammable 
liquid. The treating solutions have not 
ignited on any of the jobs done to 
date. 


Wells Showing Sustained Increases 
in Production 


The experimental application of the 
Hydrafrac process to oil and gas wells 
has resulted in sustained and signifi- 
cant increases in productivity on 11 
wells out of the 23 in which it has 

- been tried. A compilation of some of 
the key data obtained on these wells is 
shown in Table 3. 


Six of these 11 successes are gas 
wells in the Hugoton Field; in one 
instance, a combination Hydrafrac- 
acid job was done, resulting in in- 
creasing deliverability from 53 to 439 
MCF per day*, an increase from 53 
to 322 MCF per day was the result of 
the Hydrafrac treatment, with a fur- 
ther increase to 439 MCF per day be- 
ing the result of the subsequent acid 
job. On a Hydrafrac treated well, the 
deliverability was increased from 0 
to 258 MCF per day, where the aver- 
age of the offset wells completed by 
acidization indicated an increase in 


deliverability from 0 to 230 MCF per 





day. It is not possible at this time to 
make a complete evaluation of the 
advantages or disadvantages of a Hy- 
drafrac-acid job or of a Hydrafrac 
job, over an acid job alone, but a 
program of comparison is in progress 
which will involve a sufficient number 
of wells to arrive at a definite answer. 

A much stronger case for the eco- 
nomic possibilities of the process is 
found in the five oil wells in whieh 
Hydrafrac has resulted in sustained 
production increases. These are as 
follows: 


Frannie Field, Wyoming. Well BB 
increased from 60 to approximately 
160 bbl per day and the Well BC from 
60 to 72 bbl per day as the result of 
Hydrafrac ‘treatment; both these in- 
creases have been sustained for over a 
year. 


East Sasakwa Field, Oklahoma. 
Well FA in this field, which was pro- 
ducing no oil and was to be aban- 
doned, has produced from five to six 
barrels per day for nine months since 

































































*MCF per day = 1000 cu ft perday. Hydrafrac treatment. 
FIG. 8. FIG. 9. 
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East Texas Field. Well GA which 
had produced no oil for two years 
produced more than 50 bbl of oil per 
day for several weeks while under spe- 
cial test after a Hydrafrac treatment, 
before being returned to its 20 bbl per 
day allowable rate. This well has been 
producing at the 20 bbl per day rate 
for five months since then, with peri- 
odic productivity tests to determine 
the maximum potential of the well. 
The last special test of this type in- 
dicated a well potential of 61 bbl of 
oil per day. 

Rangely Field, Colorado. Well EF 
which was producing approximately 
75 bbl of oil per day before treatment, 
is now producing approximately 140 
bbl of oil per day as the result of 
Hydrafrac treatments. 

Figs. 6, 7, 8, and 9 show for four of 
the above wells, the production curve 
before and after treatment, and the 
pressure curve taken during the Hy- 
drafrac job showing the formation 
breakdown. 

The effect on the permeability of 
selectively fracturing the producing 
formation of Well EF, Rangely Field, 
Colorado, is shown in Fig. 10 by a 
comparison of permeability profiles 








TABLE 3. Results of hydrafrac field tests. 





: Formation Sand Production 

Field, Well Breakdown Injection Before After 

Hugoton (Gas) field, 
Kansas (A) 
Well AA... Yes No 769 MCF 1015 MCF 
Well ABt. Yes Yes 53 322 
SSS eee Yes Yes 0 258 
a: SEP RATES Tener ey 2 Yes Yes 0 322 
AS RAs ea Yes Yes 0 ie 
ee re Yes Yes 0 = 
Frannie, Wyoming (B) 
| Yes Yes 27 BOPD 27 BOPD 
Well BB sia Yes Yes 60 160 
Well BC Yes No 60 72 
Los ls 9 Pee Yes No 65 65 
Elk Basin, Wyoming (C) 
aa No Yes 0 BOPD 0 BOPD 
Winkleman Dome, 
Wyoming (D) 
ell DA..... ; No Yes 91 BOPD 91 BOPD 
Rangely, Colorado (E) 

Sa No Yes 100 BOPD 65 BOPD 
Mac Bhs ais, tau 0,5 eae t Slee No Yes 100 100 
Mo Sick ce amncaneecabenies No Yes 40 30 
Na soloe sickdatuare nie SS aieton No Yes 106 100 
SO rr i eee ee No Yes 25 25 
_ | SRE Sree eters: Yes Yes 75 140 

East Sasakwa, 
Oklahoma (F) 
il) aa Yes Yes 0 BOPD 6 BOPD 
East Texas (G) 
Serer anno e Yes Yes 0 BOPD 50 BOPD 
EI eee meee Sore No Yes 4 4 
USSSA ie ere ee Yes Yes 8.25 8.25 
7 ere eer rent oe Yes Yes 3.5 3.5 


Increase 


254 MCF 
26 
322 


0 BOPD 
1 


0 BOPD 


0 BOPD 
—35 BOPD 
0 
—10 


55 


6 BOPD 
50 BOPD 


0 


Percent 
Increase 


33* 
508 
Infinite 
Infinite 


- 


Infinite 
Infimite 
0 


0 
0 





*Combined effect of Hydrafrac and acid. 
*One of four producing zones treated. 
**No post-Hydrafrac production this date. 
MCF=1000 cubic feet per day. 
BOPD =Barrels of oil per day. 
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FIG. 10. Permeability profiles indicating results of 
Hydrafrac treatments. Well EF, Rangely field, Colorado. 
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run before and after the Hydrafrac 
operation. The location of each Hy- 
drafrac job is shown between the two 
permeability profiles. An effort was 
made to have the same injection pres- 
sure for both permeability profile 
tests, but pump capacity prevented 
obtaining as high an injection pres- 
sure after Hydrafrac as was obtained 
before. Some of the, permeable zones 
indicated on the “Before Hydrafrac 
Permeability Profile” are not evident 
on the “After Hydrafrac Permeability 
Profile” due to the lower injection 
pressure. However, the increase in the 
permeability of those sections treated 
as the result of hydraulically fractur- 
ing the formation is clearly evident in 
this figure. 

Figure 11 shows the production 
after Hydrafrac for these four oil wells 
successfully treated by this process. It 
will be noted in all instances that a 
sustained increase in production was 
accomplished by Hydrafrac. 


Wells Showing No Sustained 
Increase in Production 


No increase in production was ob- 
tained in 12 of the 23 wells treated in 
the preliminary experimental pro- 
gram. Considering the many variables 
involved, and the imperfections of 
present special packers, the propor- 
tion of failures at this stage of develop- 
ment is not discouraging. Both theory 
and field experience show that it is 
necessary to obtain a definite forma- 
tion breakdown in order for the proc- 
ess to function satisfactorily. Fig. 12 
shows the pressure curve and the pro- 
duction curve of Well EC, Rangely 
Field, Colorado, in which the forma- 
tion did not breakdown and, as ex- 
pected, no increase in production was 
obtained. 


A comparison of Well EF and Well 
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EC in the Rangely, Colorado Field 
illustrates the need for the proper iso- 
lation of the desired zones to be 
treated. It was possible on Well EF 
with suitable formation packers to 
confine the Hydrafrac fluids to the de- 
sired zones thus fracturing the pay 
formation in the most prolific sec- 
tions. However, on Well EC where the 
Hydrafrac operations were attempted 
without the benefit of packers, the 
hydraulic fracturing fluid was dis- 
persed over the entire area of the open 
hole with a resulting failure to in- 
crease well production. 


Production data on the 23 wells 
treated by Hydrafrac are shown in 
Table 3. It may be noted that the 
productivity of three of the wells 
treated in the Rangely Field seems to 
have been slightly decreased by the 
Hydrafrac treatment. This decrease in 
well production after treatment is be- 
lieved to be a result of either well 
workovers before treatment, or nor- 
mal production decline during the well 
testing period. For example, the pay 
zone in Well EA was charged with 
crude oil before Hydrafrac treatment 
during a cleanout of the hole while 
using crude oil as a drilling fluid, and 
sufficient time was not allowed for the 
well production to level off before the 
well test taken before Hydrafrac treat- 
ment. The decrease in production of 
Well ED after treatment represents 
the normal production decline for this 
well. Part of the production decrease 
of Well EC may be attributed to nor- 
mal production decline, however, trou- 
ble occurred which it is believed ac- 
counted for the majority of this 
decrease. 


Predictability of Results 


If the engineering factors surround- 
ing a proposed Hydrafrac job are 


known, experience has shown that cor- 
rect prediction of success or failure of 
the job is usually possible. A careful 
review of the jobs done to date leads 
to the conclusion that, even with due 
regard to the fact that “hindsight is 
clearer than foresight,” it would have 
been possible to predict correctly at 
least 75 per cent of the failures, and 
95 per cent of the successes, had all 
of the present field experience been 
available before each of the jobs done. 
As a matter of fact, many of the fail- 
ures were predicted as such, and the 
jobs purposely done in the face of un- 
favorable well conditions in order to 
obtain research data. Incidentally, one 
of the treatments done under such 
circumstances (Well FA) was success- 
ful in spite of predicted failure. 


Cost 

When put into routine commercial 
use, the cost should be not much more 
than the cost of an acid job of cor- 
responding gallonage. Where crude oil 
from the lease can be used as the base 
fluid in the Hydrafrac process, it is 
quite probable that the cost will be 
less than that for acidizing. 

It is significant that the value of the 
additional oil and gas produced to 
date through the benefits of this proc- 
ess has already amounted to approxi- 
mately 95 per cent of the combined 
cost of research, development, and all 
field tests. 
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West Burkburnett Water Flood Project” 


A discussion is presented on the 
West Burkburnett Field Water Flood 
Project. The basic criteria for the 
evaluation of a water flood project is 
outlined. The results obtained to date 
on a pilot water flood project. in the 
field and the use of this information 
in developing the water flood program 
for the field is reviewed. A description 
is given on drilling and completion 
practice. 

The source and characteristics of 
the water used for injection is dis- 
cussed. The water distributing system 
for the field and the use of protective 
coatings for preventing corrosion is 
discussed. The necessity for obtaining 
accurate data on water flood opera- 
tions and cooperative water flooding 
with offset operators to increase effi- 
ciency and total recovery is stressed. 


Introduction 


Recovery of oil by water flooding is 
practiced more extensively in North 
Texas than in any other section of the 
state. The large number of “stripper 
wells” in the area has stimulated the 
development of water flood projects: 
however, the small size of many of the 
fields and the thin oil producing sands 
in most areas has presented numerous 
economic and technical problems. 
The West Burkburnett Field is one 
of the larger shallow fields in North 
Texas and is located approximately 
two miles southwest of Burkburnett in 
the Red River Valley Land Sub-Di- 
vision, Wichita County, Texas. The 
West Burkburnett Field is part of 
what was formerly known as the Old 
Burkburnett Field, but is a separate 
reservoir from the numerous pro- 
ducing sands originally designated as 


a part of the Old Burkburnett Field. 


Reservoir 
Geology—tThe tectonic elements 
which seem to have controlled the ac- 
cumulation of oil in this area is the 
Ked River uplift. This is described by 
some geologists as being a chain of 
dissected Cambro-Ordivician lime- 

stones and granite hills. 





*Presented before Petroleum Recovery Con- 
ference, Texas Petroleum Research Committee, 
A & M College of Texas, College Station, Texas, 
\pril 6-8, 1949, under title, “West Burkburnett 
Sield Water Flood Project.” 

*District Petroleum Engineer, Magnolia Pe- 

troleum Company, Electra, Texas. 


H. K. HOLLAND, JR.* 


Most of the sands in this area are 
known by depth in the respective 
fields in which they are found. The 
sand found in the West Burkburnett 
Field from approximately 1600 ft to 
1850 ft belongs to the Cisco series of 
Pennsylvanian age. The sand is desig- 
nated by some geologists as the Gun- 
sight sand. 


The structure of the Gunsight sand 
in the area to be water flooded is len- 
ticular. The major axis of the lense 
runs east and west, and the sand dips 
approximately 250 feet from the south 
to the north in the field. The sand is 
broken or interspersed with shale 
which is characteristic of many of the 
oil producing sands in North Texas. 


The sand lenses into shale on all sides 
of the field. 


The limits of the field have been de- 
fined by the wells drilled during the 
original development. The field was 
originally drilled on approximately 
ten acre spacing; however, many of 
the inside locations were never drilled. 
Since the sand is interspersed with 
shale, it is difficult to determine the 
net sand thickness unless the sand is 
cored and analyzed. 


Production History—The discov- 
ery well in the Gunsight sand in the 
West Burkburnett Field was the Chris 
Schmoker No. 1, and was drilled by 
the Corsicana Petroleum Company 
which is now known as the Magnolia 
Petroleum Company. The well was 
completed in June, 1912, for a re- 
ported initial production of 85 bbl of 
oil per day. 

The original development of the 
field was from 1912 to 1926. The in- 
itial production of the wells varied 
from 5 bbl to 125 bbl of oil per day 
pumping. The daily average initial 
production pumping was approxi- 
mately 30 bbl of oil and no water. 
There is approximately 2700 acres 
within the original productive limits 
of the field. The Magnolia Petroleum 
Company owns approximately 80 per 
cent of the original productive acre- 
age, and the data presented in this 
paper is on Magnolia’s acreage. There 
were 219 wells drilled on Magnolia’s 
acreage in the West Burkburnett Field. 
The well status before development 
as a water flood project was as follows: 
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11 dry holes, 85 wells abandoned, 8 
water input wells, 2 wells not in opera- 
tion, and 113 producing wells in the 
Gunsight sand. 


All of the wells were drilled with a 
rotary and casing was set from 40 to 
90 ft above the top of the sand. Cable 
tools were used to drill a reduced hole 
into the sand, and a slotted or perfo- 
rated liner was set through the produc- 
ing sand. The casing was not cemented 
in the hole during the early develop- 
ment of the field, and this method of 
completion occasionally allows water 
from upper sands to leak around the 
casing shoe and into the oil producing 
sand. The majority of the wells were 
shot with 30 to 60 quarts of nitro- 
glycerine. Some of the wells were 
swabbed for production on comple- 
tion, but most of the wells were pump- 
ed by central powers located on the 
various leases. 


The field had a normal decline in 
production until 1938. The average 
daily production in 1938 for Mag- 
nolia’s acreage in the West Burkbur- 
nett Field was 187 bbl of oil. In July, 
1936, a gas injection program was 
started and continued until 1942. The 
production increased to 258 bbl of oil 
per day; however, part of the increase 
is due to clean-out work on the various 
leases, and part should be credited to 
the gas injection program. The high 
cost of purchasing outside gas for 
injection was the main reason for dis- 
continuing the gas injection program. 
A vacuum of approximately 18 in. of 
mercury has been pulled on the casing 
head of the wells since early develop- 
ment of the field. 


During the latter part of 1943, and 
the first part of 1944, 8 wells were 
drilled on the J. G. Goins lease, 7 wells 
were drilled on the Chris Schmoker 
lease, 2 wells were drilled on the B. F. 
Cook lease, and one well was drilled 
on the L. H. Lawler lease. All of the 
wells drilled were cored and the sam- 
ples analyzed. The wells were drilled 
on ten acre spacing. The wells aver- 
aged approximately 4.5 bbl of oil per 
day on completion tests. 


Properties of the Reservoir—There 
is no evidence of a water table or 
water drive in the field, and it is be- 
lieved that the small amount of water 
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produced from some of the wells is 
due to casing leaks or defective cas- 
ing seats. It is assumed that the reser- 
voir is of the solution gas drive type, 
and that the original oil in the reser- 
voir was undersaturated. No data is 
available on original bottom hole pres- 
sures or gas-oil ratios; however, they 
were probably very low. It is the opin- 
ion of the author that the pulling of 
vacuum, gas injection, and gravity 
drainage accounts for the relatively 
long life of production. The shale 
found in the sand is interspersed and 
not in streaks or beds. The core an- 
alysis of samples obtained indicate 
that this type of shale deposit does not 
affect the permeability profile to the 
extent that excessive channeling will 
take place. There is a thin nonproduc- 
tive lime streak approximately 1 to 3 
ft in thickness in the lower part of the 
producing section. In some areas the 
lime streak is in the bottom of the sec- 
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Structure map of West Burkburnett field. 


tion; however, in some of the wells | 
to 5 ft of oit sand is found below the 
lime. There is no appreciable varia- 
tion in sand characteristics above or 
below the lime. 

Permeability data was obtained on 
various core samples by passing air 
and various salinities of water through 
the core samples. Using the perme- 
ability to air as a 100 per cent base, 
the permeability to water decreased as 
the chloride content was reduced. The 
average permeability to water contain- 
ing 100,000 ppm of chlorides was 73.3 
per cent of the average permeability 
to air; whereas, the average perme- 
ability to fresh water was 30.1 per 
cent of the average permeability to air. 
After fresh water had been passed 
through the core samples, the average 
permeability to water containing 100,- 
000 ppm of chlorides was 30.1 per 
cent. The results obtained from these 
tests indicate that a higher permeabil- 


ity to input water would be obtained 
by the use of salt water; and that once 
fresh water had passed through the 
sand, the permeability to salt water 
could not be restored. 

Core analyses were obtained on the 
core samples taken from wells drilled 
in 1943 and 1944, and the properties 
of the reservoir presented i in this paper 
is based on the data obtained. Two 
methods were used to obtain cores of 
the wells drilled. Approximately one 
half of the cores were taken with a 
rotary using a high water loss mud. 
The cores were flushed and the oil sat- 
uration data obtained was assumed to 
be indicative of the residual oil sat- 
uration after the sand has been flooded 
with water. One half of the cores were 
taken with cable tools using produced 
oil as the drilling fluid. The water sat- 
uration data obtained by this proced- 
ure was assumed to be the interstitial 
water in the sand. Cores having very 
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able performance. Write us for complete 
information on this small, compact unit. 


It can’t be beat for drilling to 


4,500 feet. 
EQUIPMENT 


T 


ULSA OKLAHOMA USA 


DESIGNED FOR THE JOB....§ 


Exclusive Export Representative 


MID-CONTINENT SUPPLY CO. 
42 Broadway, New York City 
Cable Address: MIDUNITRIG 














low permeability or excessive water 
saturation were assumed to be non- 
productive. 

Since the sand is interspersed with 
shale, the thickness as shown on the 
original driller’s logs does not reflect 
the net sand thickness. The core an- 
alysis reports were used to estimate 
the net sand thickness. The recoveries 
to date on the various leases. is also 
indicative of the net sand thickness. 
The reservoir properties obtained 
from core analysis and production 
data is as follows: 

Porosity, per cent volume.......... 23.0 
Permeability, millidarcys 
Interstitial water saturation, 

per cent pore space................ 23.0 
Residual oil saturation after 

flood, per cent pore space........ 26.0 


Estimated original formation 


volume factor ........:............... 1.06 
Estimated present formation 

volume factor ..................-..--- 1.00 
Oil viscosity, centipoises............ 4.00 
Oil gravity, API at 60 F.............. 39.5 


Pilot Water Flood Project 


Production History — Water injec- 
tion was started on the 160-acre J. G. 
Goins lease in July, 1944, with 7 water 
input wells and 9 producing wells. 
This lease is located in the northeast 
part of the field. There are 138 acres 
within the effective water flood limits. 
The 160 original productive acres has 
been reduced to 138 effective water 
flood acres since no offset water input 
wells will be drilled to the north of the 
lease. The lease was drilled on ten 


acre spacing, and the water flood was 
developed on a twenty acre 5 spot pat- 
tern. The average production for the 
year prior to the development of a 
water flood project was 40 bbl of cil 
and 2 bbl of water per day. The pro- 
duction was increased to 52 bbl of oil 
per day after the drilling of 8 wells on 
the lease ; however, the production de- 
creased to 32 bbl of oil per day when 
7 of the producing wells were con- 
verted for water injection. The oil pro- 
duction increased from 32 bbl to 59 
bbl per day from July, 1944 to Janu- 
ary, 1948. This is a net increase of 27 
bbl of oil per day in 31% years. There 
was no increase in water production. 
In January, 1948, one of the produc- 
ing wells was converted for water in- 
jection. From January, 1948 to April, 


Production history of Gunsight sand, J. G. Goins lease, West Burkburnett field. 


POROSITY, % . . 

INTERSTITIAL WATER SATURATION, % . . 
RESIDUAL OIL SAT. AFTER FLOOD, % . 
PRESENT FORMATION VOLUME FACTOR 


23.0 
23.0 
26.0 
1.00 


OIL VISCOSITY, CP . 
OIL GRAVITY, A.P.Il. . 
LEASE PRODUCTIVE ACRES . 
WATER FLOOD ACRES 


4.00 
39.5 
160 
138 


PERMEABILITY, MD. a a 72 
PRIMARY RECOVERY, BBL/ACRE 4,011 
INJECTION PATTERN . . 5-SPOT 
SPACING - 10-ACRE 
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YOU'LL TAKE THE KINKS : 
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HUNT Swivel Joints 
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UMBER INJECTION WELLS 


tl 


HUNT All-Steel Drilling Hose, 55 ft. folded 
section shown here, with 7 Hunt Swivel 
Joints providing 17 swivel movements. 


Available for 5,000 lb. (1” through 4” sizes)or 10,000 Ib. (2” only) 
working pressures . . . equipped with the new HUNT Swivel Joints (Roofe 
patents) . . . HUNT All-Steel Hose for drilling and cementing operations give 
you the SAFEST and EASIEST swiveling hose in the field. 


HUNT All-Steel CEMENTING and DRILLING Hose provides as many swivel 
movements as desired—no more twists or kinks, nor lost time due to restricted 
hose movement in cementing or drilling. 


The new HUNT Swivel Joints are designed so that cement, mud, caustic 
mud additives and other abrasives can not reach the joint’s bearings. Neither 
internal or external pressures can dislodge this joint’s packing during lubrica- 
tion—not even lubrication under full working pressure! 


ILY AVERAGE INJECTION, 100 BARRELS 


DA 


And if you want greater operating freedom with any rubber hose—install 
HUNT Swivel Joints on both ends. Because your hose will then automatically 
extend itself to full length, the same length of hose will do the work of an 
added 10 feet of hose! Because your rubber hose will no longer 
twist, kink, or suffer other injurious distortions—you’ll get 
faster drilling operations and longer hose life when you install 
HUNT Swivel Joints. 


It will pay you to write today for our new catalog! 


Has aoe: ) ot) Ye he 


34 GENERAL OFFICES AND PLANT: HOUSTON, TEXAS 
FIELD. SHOPS: BAY CITY & CORPUS CHRISTI, TEXAS; JENNINGS & HARVEY, LA. 
EXPORT SALES: HUNT EXPORT COMPANY, 19 RECTOR ST., NEW YORK; HOUSTON, TEXAS; BUENOS AIRES; PORT OF SPAIN; CARACAS 
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1949, the production increased from 
59 bbl to 283 bbl of oil per day. This 
is a net increase of 224 bbl of oil per 
day in 15 months. Daily peaks of pro- 
duction have been as high as 320 bbl 
of oil per day, and production rates 
from 400 bbl to 450 bbl of oil per day 
are expected before the end of 1949. 
It should be noticed that there has 
been no appreciable increase in water 
production to date. 


The cumulative recovery prior to 
water flooding the J. G. Goins lease 
was 629,673 bbl for the 157 original 
productive acres. This is a recovery of 
4,011 bbl per acre. The cumulative re- 
covery since water flooding has been 
129,000 bbl of oil. It is estimated that 
50,000 bbl of the oil recovered, since 
the start of water flood operations, 
would have been recovered by pri- 
mary methods; and 79,000 bbl of the 
oil is credited to water flooding. Based 
on the 138 effective water flood acres, 
there has been a recovery of 934 bbl 
per acre since water injection was 
started. Based on the per acre recov- 
ery, this is approximately 23 per cent 
as much oil as had been recovered 
prior to water flooding. 

Water Injection—The water injec- 
tion rates are based on the net sand 
thickness present in the water input 
well. The average initial rates of in- 
jection were approximately 4 to 5 bbl 
per day per foot of sand; however, as 
the project continued, average injec- 
tion rates were increased to approxi- 
mately 8 bbl per day per foot of sand. 
Since additional input water is not 
available at the present time, increased 
rates have not been possible. 


The cumulative water injected to 
April 1, 1949, is 909,000 bbl. Ap- 
proximately 7 bbl of water has been in- 
jected for every barrel of oil produced 
since the water flood was started. The 
first major increase in oil production 
occurred approximately 314 years 
after water injection was started. At 
this time, it was estimated that ap- 
proximately 71 per cent of the void 
space in the reservoir had been filled 
with input water. The estimated void 
space in the reservoir is the sum of 
the cumulative oil production, cumu- 
lative water production, and the 
shrinkage of the oil in place. As of 
April, 1949, the estimated void space 
filled by input water is 96 per cent. 
Since the void space was 71] per cent 
filled with input water, any major 
change in the daily water injected re- 
sulted in a change in the daily oil pro- 
duction. 

In the near future, bottom hole 
pressures are to be obtained at reg- 
ular intervals on all producing wells 
to study and regulate reservoir per- 
formance, 
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Magnolia Petroleum Company’s C. Schmoker lease, West Burkburnett field, 
Wichita County, Texas. 





Permeability to water 








Sample Well Permeability 

Number Number To air Depth 100,000 ppm 25,000 ppm 2,000ppm Fresh water 100,000 ppm* 
1 57 0.4 1846.5 0.2 0.08 0.1 0.1 0.1 
2 56 2.5 1728.5 1.8 2.3 0.6 1.4 1.4 
3 61 2.0 1774.5 2.5 1.3 1.3 1,1 1.3 
4 58 3.6 1834.5 1.8 1.5 1.2 1.2 1.6 
5 57 8.5 1855.5 4.1 3.5 3.4 S7 2.7 
6 54 15 1701.5 8.0 6.3 §.1 2.9 3.0 
7 61 21 1773.5 a. 9.3 13. 9.4 a. 
8 60 32. 1809.5 23. 16. 15. 6.7 9.3 
9 61 51. 1758.5 28. 17. 17. 6.5 15. 
10 60 59. 1801.5 58. 47. 4.0 2.1 3.7 
ll 55 62. 1742.5 48. 40. 31. 21. 37. 
12 60 64. 1807.5 56. 74. 60. 43. 32. 
13 61 83. 1760.5 43. 58. 52. 41. HW. 
14 61 79. 1766.5 69. 40. 22. 7.2 10. 

es 34.5 25.3 22.6 16.1 10.4 10.4 
(100%) (73.3%) (65.5%) (46.7%) (30.1%) (30.1%) 


*This is the permeability at 100,000 ppm after fresh water has been passed through the samples. 








J. G. Goin’s No. 12, West Burkburnett field, Wichita County, Texas. 


Core analysis.* 





Sample Depth Permeability 
number feet Millidarcys 

1 1812.0 14 
2 12.5 48 
3 18.0 204 
4 18.5 125 
5 19.0 125 

6 19.5 124 

7 21.0 107 

8 21.5 50 

9 22.0 110 
10 22.5 70 
11 23.0 40 
12 23.5 90 
13 24.0 75 
14 24.5 77 
15 25.0 147 
16 25.5 78 
17 26.0 107 
18 26.5 88 
19 27.0 82 
20 27.5 res 
21 28.0 105 
22 28.5 31 
23 29.0 52 
24 29.5 123 
25 31.5 112 
26 31.7 38 
27 32.0 45 
28 32.5 33 
29 33.0 18 
30 33.2 6 


*Cored with cable tools in produced oil. 


Porosity 
per cent 


19.9 


25.3 
20.9 


20.6 
21.1 
20.2 
21.2 
20.2 
19.4 
22.1 
20.8 
23.0 


22.1 
18.7 
17.6 


Residual Liquid 

saturation 
oi” — hee 
29.1 28.1 
69.2 12.6 
69.8 13.9 
71.9 19.4 
76.3 17.0 
72.8 18.3 
64.6 20.7 
70.7 17.8 
70.7 23.2 
68.0 19.5 
66.9 21.6 
71.7 17.4 
70.2 14.9 
68.0 16.0 
45.4 


22.7 


Chloride, PPM 
in pore water 


94,000 


122,000 
124,000 


124,000 
120,000 
143,000 
112,000 
147,000 
121,000 
108,000 
103,000 
140,500 


175,000 
173,000 
169,000 








Development Program 


Drilling — The West Burkburnett 
Field water flood project is to be de- 
veloped during a three-year period. 
Eighty-five wells will be drilled to de- 
velop the project. At the present time, 
the second year’s drilling program is 
in progress. The producing and water 
input wells are being drilled on 10- 
acre spacing, and several of the aban- 
doned well locations are being re- 
drilled in order to develop the water 
flood pattern. The water supply wells 
are to be drilled on 160-acre spacing. 

There is an 800-ft producing sand 
in the southwest part of the pool, and 
core data is to be obtained on the sand 
as the deeper wells are drilled. If the 
800-ft sand proves to be favorable for 
water flooding, it is possible that the 
same wells may be utilized at a later 


date to water flood this sand. 
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The wells are being drilled with a 
rotary and core data is being obtained 
on all wells. All water input wells are 
to be cored with a rotary using a high 
water loss mud. All producing wells 
are to be cored with cable tools in pro- 
duced oil. It is the opinion of the 
author that the core data is necessary 
in order to study and regulate an ef- 
ficient water flood project. 

When the project is completely de- 
veloped, there will be 102 producing 
wells and 97 water input wells on a 
5-spot pattern. There will be approxi- 
mately 1680 acres within the effective 
water flood limits. The estimated ef- 
fective water flood limits is a line con- 
necting all operating wells on the edge 


of the field. 


Completion Practice—All wells are 
to be completed with the casing set on 
top of the Gunsight sand. Four-inch 
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The modern compact, expertly 
engineered Lufkin Unit is easily 
recognized “the unit apart” from nee 
all competition. 

Lufkin pioneered and developed 
the application of reduction gears 
for oil well pumping. The experi- 
ence gained in this pioneering ~™o= 
effort, plus the continued search | 
for improvement in design and con- — 

struction has definitely placed the 

Lufkin Line out front every time. 
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LUFKIN FOUNDRY & MACHINE COMPANY [iiirwchistinekeg cade 
reducers and increasers have been . 
manufactured in our Lufkin plant. & 

LUFKIN, TEXAS The complete line specifications J 

Branch’sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, are contained in Catalog G-1. 

Oklahoma City, Corpus Christi, Odessa, Kilgore, Wichita Falls, Casper, Wyoming; Write for your copy today. No 

: obligation whatsoever! 
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LAYOUT OF INPUT WELLS 
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Water flood develophien# map of West Burkburnett field. 


line pipe is to be used for casing in 
the water input wells. The producing 
formation in all injection wells is to 
be shot with one to two quarts of nitro- 
slycerine per foot of sand. The infor- 
mation obtained from the pilot water 
flood project was that the injection 
wells would take more water with less 


pressure if the wells were shot. It is 


the opinion of the author that on a 10- 
acre spacing pattern that shooting of 
the input wells will not be conducive 
to channeling of input water; how- 
ever, it is possible that on a closer 
spacing pattern, shooting of the input 
wells may channel injected water to 
producing wells. The producing wells 
are not shot on completion. 

Since the casing was not cemented 
in the wells drilled during the original 
development of the field. a liner is to 
be cemented on top of the sand in all 
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wells to. be converted from producing 
wells to water input wells. 

The producing wells are completed 
using 7-in. casing. Two-inch line pipe 
is used for tubing, and most of the 
wells are equipped with pumping 
jacks connected to the central powers 


located in the field. No tubing or pack- 


ers are used in the injection wells, and 
the water is injected directly into the 
casing. Very simple surface connec- 
tions are used on the water input 
wells. All water input wells are equip- 
ped with a water meter and a regulat- 
ing valve. 

The water supply wells are com- 
pleted by cementing 7-in. casing 
through all formations showing water. 
and gun. perforating the water bear- 
ing sands as indicated on the elec 
tric log. Two and one half and three 
inch tubing has been used in the water 


supply wells. At the present time, in- 

dividual pumping units are being used 

to produce the water. In the near fu- . 
ture, an electric centrifugal pump is 

to be used on one of the water supply 

wells. 


Water Input System 

Water Source and Distribution -- 
There are approximately 150 feet of 
water sands between 0 and 1700 ft in 
the water flood area. The water an- 
alysis indicated 99,600 ppm of chlo- 
rides. It should be noticed that the per- 
meability of the sand to water with 
this chloride content is approximatel) 


73 per cent of the permeability of the 


sand to air. The water has been satis- 
factory and requires no treatment be- 
fore injection; however, iron oxide 
does precipitate out in the distribu- 
tion lines. The water distribution lines 
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Drill Faster, Cheaper, More Efficiently 
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Controlled Vertical Drilling with the TOTCO Recorder pays off in a 
number of ways. First, because you can bottom a straight hole in less time than a 
crooked hole. Takes less power, too. There’s less wear on drill pipe, no worry about 
stuck casing. To top it off, a straight hole is a trouble-free producer. 





difficult about the technique of drilling eighth of a degree—exactly where your 
vertical holes. It’s actually easier than _ hole is going. 





i 

And there’s nothing mysterious or — crew. They will tell you — within one- i 
: | 
Ml- i 
i 









ed drilling crooked ones. Just take frequent TOTCO furnishes equipment for run- 
fue readings with a TOTCO Recorder—the — ning the TOTCO Recorder in any one | j 
is most accurate instrument of its kind of 5 convenient ways—no need to make | 
ly ever offered. a special run. It can be done any time 
TOTCO readings can be taken at any _—iin a matter of minutes. | 
time—by any member of the drilling Write for full information. 







Totco Equipment is leased or rented in the U.S.A.; sold for export only. 
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J. G. Goin’s No. 13, West Burkburnett 
field, Wichita County, Texas. 











Core analysis.* 





Permea-  Poros- Residual Liquid 

Sample Depth bility ity Saturation 
Number Ft  Millidarcys % % Pore — 
Gil ater 


20.2 61.7 


1 1809.5 170 25.7 

2 10.5 112 26.1 29.9 52.7 
3 11.5 111 27.3 «26.3 «53.2 
A 12.5 151 24.5 28.1 51.3 
5 13.5 64 23.1 32.9 651.2 
6 14.5 53 20.5 27.3 50.7 
7 15.5 44 23.2 31.4 54.8 
s 16.5 43 22.0 34.5 565.1 
9 17.5 88 25.2 30.5 651.7 
10 18.5 94 24.2 26.0 657.5 
11 19.5 156 27.3 29.2 49.0 
12 20.5 57 23.4 29.1 44.0 
13 21.5 52 24.2 24.4. 59.9 
14 22.5 89 21.5 27.9 54.3 
15 23.5 0 4.8 0.0 12.5 
16 24.5 129 26.2 26.7 52.0 
17 25.5 28 23.8 29.4 49.6 
18 26.5 7 19.5 29.3 43.5 


*Cored with rotary in high water loss mud. 








J. G. Goin’s lease, West Burkburnett 
field, Wichita County, Texas. 





Water analysis. 








Equivalent 
Parts per parts per 
million million 
a eee re 420.00 
Fe and Al Oxide.......... 368 .00 
Magnesium.............. 2234.67 183.69 
RINNE svat aces. vad cccnnss 10943 . 26 546.07 
PN Sa cca his ca Sauk 2080. 57 
ee. re 0.00 0. 
Bicaronates.............. 24.84 0.41 
Suiphates sae oN eae 57.61 1.20 
oS ee 99600 .00 2808.72 
ee er ae 
Total solids weighed . ce eee 152480 .00 
Co3 and HCO; Burned..... 24.84 
Suspended Solids......... 
MNES OCs xicancinices 152504 . 84 
PRN Gis ix i ming dee 89.81 ppm 
Non incrusting solids... . 1014.39 {bs /1000 gallons 
Incrusting solids........ 332.24 lbs/1000 gallons 
8. G. Teer ees TRE Resa cckscss : 








and injection wells are acidized with a 
15 per cent solution of HCl acid to 
dissolve the precipitate when intake 
capacity decreases below desired rates 
of injection. 


At the present time, some fresh 
water is used for injection; however, 
as additional salt water supply wells 
are drilled, the use of fresh water will 
be discontinued. The estimated total 
water to be injected, after complete 
development of the field, is 6000 to 
10,000 bbl per day. 


The water system on the pilot water 
flood project is a closed system with 
gravity distribution lines. The water 
is pumped from the wells to a storage 
tank with an oil seal on top of the 
water. Gravity distribution lines are 
connected from the tank io the injec- 
tion wells. The water system for the 
field is to be a closed system with grav- 
ity distribution; however, the water 
supply wells are to pump directly into 
the water system at a point nearest 
the water supply well. The main line 
through the field will be 6-in. pipe, 
and the main laterals will be 3-in. 


B-22 





pipe. Laterals 114 in. will be connected 
to the injection wells. The storage 
tanks for the system will be surge 
tanks for any excess water that is pro- 
duced and not used for injection. Au- 
tomatic liquid level controls will be 
installed on the storage tanks to regu- 
late the amount of water required 
from the supply wells. 

Protective Coatings — Three - inch 
transite pipe was used for the main 
water distribution line on the pilot 
water flood project to prevent corro- 
sion. The main disadvantage to this 
type is that it cannot be used in a 
pressure system. At the present time, 
the pilot water flood project is not 
under pressure ; however, it is possible 
that pressure will be required at a 
later date. 

The water system to be installed for 
the West Burkburnett Field is to be a 
plastic coated pipe. The pipe is to be 
sand blasted, cleaned with a carbon 
tetrachloride solution, and plastic 
coated. The outside is to be covered 
with a bitumastic coating to protect 
against soil corrosion. All electric cen- 
trifugal pumps are to be coated with 
plastic since they will be submerged 
in the salt water supply wells. 

At the present time, no corrosion 
has been observed on sucker rods and 
tubing in the producing wells; how- 
ever, corrosion of the subsurface 
pumps, rods, and tubing will prob- 
ably develop when it becomes nezes- 
sary: to produce large volumes of 
water. 


Operating Practice 


It is the opinion of the author that 
the personnel caring for a water flood 
project is a very important factor in 
operating and regulating an efficient 
water injection program. Accurate 
data on operations is a necessity for 
evaluating the results obtained. 

Portable testing units are used in 
the West Burkburnett Field to obtain 
periodical tests on producing wells. 
The testing of the wells often indicates 
that a pump should be pulled, that ex- 
cessive paraffin may be present in the 
lines or tubing, or that the well needs 
cleaning out. The water injection wells 
are checked daily to record water 
meter readings and report possible 
leaks in the water system. Accurate 
data on oil production, water injec- 
tion, and work performed on the lease 
is recorded daily and submitted to the 
engineering department. If it is nec- 
essary, the sand in the injection wells 
is back washed by lowering the static 
fluid well in the well and allowing the 
water to move from the formation into 
the well bore. 

Some of the producing wells are to 
be placed on individual pumping units 
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if the central powers are overloaded 
as a result of the expected increase in 
fluid production. A gathering system 
is to be installed to return all produced 
water to the water input system. 


Cooperative Water Flood 
Agreement 


A cooperative water flood agree- 
ment has been submitted to the offset 
operator to water flood equitably 
across lease lines. The agreement stip- 
ulates that each operator is to have 
an equal number of water input wells 
along the property line and that agree- 
ment is to be reached by an engineer- 
ing committee on injection rates for 
offset wells. 


Conclusions 


The West Burkburnett Field Water 
Flood Project will be the largest pat- 
tern water flood in North Texas, and 
the development and operation of the 
field will be observed as a possible 
guide to further development of water 
flooding in this area. 

The necessity for obtaining data on 
geology, production history, reservoir 
properties, and sources and character- 
istics of water is emphasized in the 
evaluating of a water flood project. 
Completion and development practice 
should be outlined in order to reduce 
the cost of developing a water flood 
project. Cooperative water flooding 
within a field is another factor to be 
considered in maintaining equity and 
increasing the total recovery of oil. 
After a field has been developed for 
water flooding, one of the most impor- 
tant factors in the results to be ob- 
tained is good operating practice. 
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Inside Information 


When you buy a machine or a piece of equipment, you want information 
on what’s inside— particularly what grade of bearings you are getting. 

When the specifications read “Hyatt Bearings” you know the roller 
bearings are O.K. in every way. 

Leading manufacturers of machines and equipment in various 
fields—industrial—steel— petroleum—agriculture—textile—construc- 
tion—transportation—materials handling and other fields, have de- 
signed Hyatt Roller Bearings into their equipment to assure smoother 
operation—longer life and reduced maintenance. 

For more than fifty years Hyatt has produced top quality roller 
bearings to keep things rolling inside, smoother and longer. Hyatt 


Bearings Division, General Motors Corporation, Harrison, New Jersey. 
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Electric Log Analysis 
In the Rocky Mountains" 


M. P. TIXIERT 


Abstract 


A method of obtaining a good ap- 
proximation of the water-saturation 
and porosity of the reservoir rocks 
encountered in the Rocky Mountains 
is discussed. 

The method makes use exclusively 
of data derived from the resistivity 
and S. P. logs. It is based first, on the 
determination of an empirical rela- 
tionship between water saturations in 
the uncontaminated formation and in 
the invaded zone, and, second, on re- 
sults from field experiments regarding 
the relationship between S. P. deflec- 
tions and the resistivities of mud and 
formation water. 

Several actual examples of the ap- 
plication of the method are described. 


Introduction 


Tur fundamental relation for the 
quantitative study of electrical logs, 
as given by Archie, is: 
FX Ry 
R, — af... . 
S2 


Where: 


R, is the true resistivity of the for- 
mation under investigation. 

is the resistivity of the formation 
water. 

S is the water saturation in the 
pore spaces of the formation 
(fraction of voids filled). 

F is the formation factor. 

Archie reports that approximately : 

ee a 
Where: 

p is the porosity. 

m is a cementation factor. 

A great amount of work has been 
done which shows that this relation is 
usually correct when all of the poros- 
ity is effective. A correction is neces- 
sary at low water saturations, when 
the formation has a large amount of 
non-effective porosity. However, to 


(1) 





R w 





*Paper presented before the Spring Meeting 
of the Pacific Coast District, Division of Pro- 
duction, American Petroleum Institute, Bilt- 
more Hotel, Los Angeles, California, May 12 
and 138, 1949. 

*+Schlumberger Well Surveying Corporation, 
Denver, Colorado. 
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use these relations, it is usually neces- 
sary to determine R,, from a sample 
of the formation water and F by an 
analysis of some cores from the for- 
mation. On the other hand, if the lith- 
ology and the water salinity are sup- 
posed to be approximately constant 
throughout the formation under study, 
and, if a section of the same forma- 
tion completely saturated with for- 
mation water is available, the follow- 
ing relation may be used: 


_{ Rk \* 
s= (+2) 
Where: 


R, is the resistivity of the forma- 
tion when the pore spaces are 





(1-A) 





P 420.113. 
filled 100 per cent with the for- 


mation water. 

The purpose of the present paper is 
to discuss how the water saturation 
may be deduced from the analysis of 
electrical logs alone, when the values 
of R,, Ry and F are not available, 
which is a frequent case. 


Analysis of Resistivity Curves 


1. In holes drilled by the rotary 
method, when a permeable formation 
is traversed by the bit, part of the oil 
or water present in the formation sur- 
rounding the hole is flushed out by 
the mud and replaced by mud filtrate. 
This portion of the formation is known 
as the invaded zone. 


Considering only the invaded zone, 
we can write from equation (1): 


== ° 


S;? 

Where: 

R; is the resistivity of the invaded 
zone at the level under investi- 
gation. 
is the resistivity of the,water in 
the invaded zone. 

S; is the water saturation in the in- 
vaded zone (fraction of voids 
filled) at the level under ‘investi- 
gation. 


(3) 


R, 
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REPUBLIC’S 3-Dimension Metallurgical Service 
May Uncover Your Answer to Production Speed-Up 


























ne, 


3) — Improved Quality—and Lower Costs! 

led Unless you are completely satisfied with your product on these three 

- counts: (1) rate of output; (2) quality; and (3) cost of production, your 

™ next move in the approaching battle for business should be a complete 
check-up on the alloy steels best suited to your product, to your processing 

ie methods and to your equipment. 

ids 


In industry after industry, REPUBLICS 3-Dimension Metallurgical 
Service has been matching the correct alloy steel to specific applications 
for years. Invariably, this problem has been 3-dimensional, too—requir- 
ing full consideration for: (1) the effectiveness of the steel and what it 
can do for the product; (2) the processing necessary to obtain desired 
results; and (3) the cost of the steel itself. 


sti- 


Here’s how this service works: A Republic Field Metallurgist, together 
with your own metallurgists and engineers, studies your problem right 
in your plant under actual operating conditions. His work then is com- 
plemented by and coordinated with that of Republic’s Mz/] Metallurgists 
and Laboratory Metallurgists. 


The Result: Just the steel you need for every application—quality and 
salability for your product—high productive efficiency—low unit costs. 
In other words . . . the most you can get for your money. 


Are you wondering what alloy steels can do for you—or if you now 
are using them correctly? Ask the men who know —ask REPUBLIC! 





REPUBLIC STEEL CORPORATION « Alloy Steel Division, Massillon, Ohio 


General Offices, Cleveland 1, Ohio © Export Department: Chrysler Building, New York 17, N.Y. 
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Then, dividing relation (3) by rela- 
tion (1), we obtain: 





Re, Be, or 
~ me 
5 are Ri/R: 
S;’ ee R,/Rw ; (4) 


from which the formation factor has 
been eliminated. 


2. If the lithology of the formations 
and the resistivity of the water in the 
invaded zone are supposed to be ap- 
proximately the same throughout the 
formation, then: 


ey 
eae 
i R; 


R,, being the resistivity of the invaded 
zone at the water level. 


Several horizons were selected in 
the Rocky Mountains where the ratios 


R, Rio 
“et? 
from the electrical logs. The corre- 
sponding values of S and S,, deduced 
from equations 1-A and 1-B, when 
graphically plotted against each other. 
as in Fig. 1, appear to be related by 
the equation: 

ar kb awe ee ee 


It is noted that the oil displacement 
expressed by the above relation may 
not hold true everywhere. It seems 
that the oil displacement in the in- 
vaded zone increases with the perme- 
ability, and S; more nearly approaches 
5's for highly permeable formations. * 
In limestones and in depleted sands 
the oil displacement may also be 
greater than expressed by relation 
(5). For the above reasons relation 
(5) is primarily applicable to the 
Rocky Mountains where permeabili- 
ties in sandstones are usually small. 


3. Once preliminary observations 
have proved that S and S, can be re- 
lated by equation (5), equation (4) 
can be simplified, and the value of 
water saturation in the oil bearing 
zone can be given by: 

RVR (6) 
ome AO Heme 

1. By definition, R, was called the 
resistivity of the water in the invaded 
zone. It will now be shown how this 
value of R, can be approached. 


The mud filtrate is not the only 
water existing in the invaded zone, 
since the formation water cannot be 
entirely displaced by the mud, further- 
more, there is not complete diffusion 
between the mud filtrate and the for- 
mation water. 


(1-B) 





could be determined 


S 


In all sands some pore space exists 
into which oil migration cannot take 
place. Such volume represents the 


*G. E. Archie, “Electrical Resistivity an Aid 
in Core Analysis Interpretation,” AAPG Bul- 
letin, Vol. 31, No. 2, February, 1947. 
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FIG. 2. 


non-effective porosity. This space is 
filled with the original formation 
water, and it is likely that the mud 
filtrate cannot displace such water. On 
the contrary, in the volume repre- 
sented by the effective porosity, the 
mud filtrate can displace some of the 
hydrocarbons which may be present 
and can displace, or diffuse with, the 
formation water. 


As long as the mud filtrate and for- 
mation water have resistivities of the 
same order, only a small error will be 
made in assuming that all the water 
in the invaded zone is equivalent in 
resistivity to the-resistivity of the mud 
filtrate. This is no longer true when 
the mud filtrate has a resistivity much 
larger than that of the formation 
water. It may be assumed in this case 
that the conductivity of the invaded 
zone at the water level is the total of 
the conductivity corresponding to the 
water which has filtered into the pore 
spaces plus the conductivity of the 
original formation water remaining 
in the pores. Then, if z is the ratio of 
the volume of formation water to the 
total volume of all the water in the 
pores, we obtain: 





R, Ban). Rn Ry me (7) 
R~ (ks) +2R,/R. © 
Where: 


Rw = resistivity of the mud filtrate. 


R,, = resistivity of the formation 
water. 


In the Rocky Mountains z appears 
to average between 5 per cent and 10 
per cent (0.05 to 0.1) in most forma- 
tions; the data from core analysis 
show that the proportion of non-effec- 
tive porosity has a value of the same 
order. When a large amount of col- 
loids are found in the formation, a 
larger value for z should be taken 
since the non-effective porosity in- 
creases with the amount of colloidal 
material. 

Fig. 2 shows several curves which 


7 in terms of f™ 
Ri" erms of ~ 
according to equation (7) for differ- 
ent values of z ranging from .025 to 
0.1. 

According to equation (6), the de- 
termination of water saturation re- 
quires the determination of R;/R; and 
R,/R,y. The former ratio is given by 
the resistivity logs, and the latter is 
deduced from R,,/Ry. this last ratio 
being given by the S. P. curves as ex- 
plained below. 


6. Determination of R;/R:. 
It should be remarked that the 


values of R; and R; are not always 
given directly by the electrical log. 





give the value of 
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“ sa/IMPERMEX MAKES GOOD MUD FOR BAD CONDITIONS 

|. my IMPERMEX, Baroid’s organic colloidal material, provides superior drilling 

a muds in spite of the presence of such contaminants as salt, anhydrite, gypsum, 

on > and cement. Operators have found it unexcelled for drilling through zones 

n- . which might cause the discard of ordinary drilling fluids. 

al . IMPERMEX has long served the industry as a means of providing muds with 
e marvelous filtration properties particularly useful for completion work. It finds 

ch 2 more and more application in zones where its extremely low water loss, thin 

" ® filter cake, and resistance to contamination enable the operator to drill 

2 2 ahead with a minimum of trouble, loss of time, and damage to the formation. 

al e IMPERMEX makes any clay mud a better mud, whether mixed with fresh 

‘ ; : water or brine. In some areas the employment of IMPERMEX muds has become 

“ ® standard practice. Many deep high-pressure wells have been drilled success- 
e fully largely because the use of IMPERMEX has produced workable muds of 

e- extremely high density, thin filter cake, and low water loss. 

e- Let the Baroid service engineer in your district show you how IMPERMEX 

id 4 : can save you time and trouble in your wells. 
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Data obtained from numerous sandstones usi 


S.P VALUES vs 
IN THE w 
ROCKY MOUNTAINS 


relation 


Rw wos determined from somples or water analysis 
Rm was determined trom samples taken at well 


ue oe 


S.P in mv. 


but corrections can be made by means 
of the resistivity departure curves. 

(a) The order of magnitude of R,, 
the resistivity of the invaded zone, is 
usually obtained from a resistivity 
curve with a short radius of investiga- 
tion. Generally, the short normal 
curve is the curve to be used for this 
purpose. Since the values of R, are 
generally high, the apparent values 
may be too low because of hole in- 
fluence, but this can be taken care of 
by means of the departure curves. 


(b) Similarly, approximate values 
of Ry, the true resistivity of the forma- 
tion, are usually determined from a 
curve with a long radius of investiga- 
tion. The lateral is the curve used in 
practice for this purpose. The elec- 
trode spacing is usually long enough 
so that in front of formations of com- 
paratively low resistivity, the appar- 
ent value given by the lateral curve is 
close to the true value, and Ri/Rm can 
be taken equal to Ry,/Rm. For high re- 
sistivities, a correction is necessary 
which can be obtained from the de- 
parture curves. The resistivity of the 
mud used to make the corrections 
must be taken at the formation tem- 
perature. 

It must be recalled here that the re- 
sistivity of thin beds is not correctly 
measured with a large spacing. When 
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FIG. 3. 


the bed thickness is too small for the 
lateral device to be safely used, the 
value of R; may be obtained from the 
readings of the long normal by a care- 
ful application of the departure 
curves. 


Note: Relation (1) applies most 
accurately for large water saturations. 
In highly permeable formations, the 
water saturation may be relatively low 
and relation (1) may be better ex- 
pressed, for example, by: 


Fx Ry 
= 


However, in this case the relation be- 
tween S and §; is also different. In the 
preceding discussion, S; = S* which, 
as already explained, represents a 
small displacement of oil. In the case 
of high permeability, the oil displace- 
ment is greater, and as found in few 
cases, S; approaches S*% in value. Re- 
ferring to equation (4), it can be seen, 
even then, that equation (6), S= 
Ri/Rt 


RR.” is still approximately correct. 
Z, Ww 


For this reason, the method should 
permit a good approximation of the 
water saturation in most cases. Excep- 
tions will be found in some very per- 
meable limestones, or in depleted 
sands where most of the oil may be 
displaced in the invaded zone. 


SP 2-110 log 


-80 -90 -100 -110 -120 -130 -140 -150 -I60 -I70 


Analysis of the S. P. Curve 


The relationship between S. P. de- 
flection and the resistivity of mud and 
formation waters has already been ex- 
tensively studied, and the most valu- 
able contribution to this matter, both 
from the theoretical and experimental 
standpoints, is the work of M. R. J. 
Wyllie.* 


The relationship between these vari- 
ables can be expressed in the equation: 


SP = K log im tis tx 
where SP is the amplitude of the S. P. 
deflection measured from the shale 
line. 


An empirical comparison of the 
values of SP read on the SP logs and 


the corresponding values of R. 
has been carried out in the Rocky 
Mountains. This study has been difh- 


cult for the following reasons: 


(1) The mud resistivity is obtained 
from a sample of the mud at the well. 
It is likely that many samples were 
only a poor representation of the mud 
in the hole at a given level. 


(2) Many water analyses are not 
reliable because of contamination and 
poor sampling. 

(3) It is usually assumed that the 
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TORCAIR RIG 


© FOR DRILLING WELLS TO 4000 FT. WITH 4/2” DRILL PIPE. 
® FOR SERVICING WELLS TO 8000 FT. WITH 2!2” TUBING. 


® FOR SERVICING WELLS TO 16000 FT. WITH 212” TUBING 
(using 15’ Double Rotor Hydromatic Brake). 


Complete rig on one skid! Full panel air control! Incomparable in its rated capacity 
class for portability! WILSON MOGUL TORCAIR RIGS incorporate the advanced 
AIR CONTROL and adjusted TORQUE APPLICATIONS of the larger WILSON RIGS 
... it is particularly designed for deep well servicing, and like all WILSON machines, 
it does the job like a thoroughbred. Compactly built with large air compressor and 
air tank, it measures less than 8 feet overall width, with catheads removed. WILSON 
Air-Tube Clutches in the drum; automatic feed brake enables the driller to set brake 
and leave it in one position. Numerous other features worth looking 
into! Write for Bulletin 174 — it’s just off the press! 
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same water exists in a given forma- 
tion at all points in the same field. 
This is not true in every case, and some 
variation may be found even within a 
particular formation. The resistivity 
of the formation water can be calcu- 
lated from the water analysis. The 
amount of each constituent being con- 
verted into an equivalent amount to 
NaCl. 

It has been found that most S. P. 
values recorded in the Rocky Moun- 
tains could be plotted in the area en- 
closed between the curves represent- 
ing the following two equations (Fig. 


»? 
Sy 


SP = —70 logy 
SP = —110 loge p™ 


The average line would have the 
equation: 


' R 
SP =—90log,, =~ - . - (9) 
Rw 
[t must be pointed out that the rela- 
tive error on the determination of 

R, , 

R from equation (8) due to an 
inaccurate value of coefficient K in- 
creases with SP. Since in the Rocky 
Mountains the SP values are generally 


is on the 





R 
small, the error on—— 
Ry 
average smaller than it might be in 
other areas where S. P. deflections are 
greater. 


Calculation of the Saturation 


lt can be seen from equations (6), 
(7), and (9), that the water satura- 
tion of the formation under study can 
be obtained. To facilitate the use of 
the method Fig. 4 gives a graphical 
representation of the three equations. 


To obtain the water saturation, the 
value of the S. P. deflection is read on 
the ordinate axis, the intersection of 
that value with the oblique line corre- 
sponding to the value of R,/R; is de- 
termined; the abscissa of the intersec- 
tion represents the water saturation 
in per cent. 


Calculation of the Porosity 


From equation (1), it is easy to see 
that when Ry, Ry, and S are known, 
the formation factor F can be readily 
calculated. 


When F is calculated, the porosity 
can be determined if one knows the 
value of the cementation factor “m”. 


Fig. 5 permits the calculation of the 


*M. R. J. Wyllie, “A Quantitative Analysis 
of the Electro-chemical Component of the S. P. 
Curve’ (AIME, T. P. No. 2511—Petroleum 
Technology, January, 1949). 

M. R. J. Wyllie, ““A Statistical Study of the 
Accuracy of Some Connate Water Resistivity 
Determination Made From S. P. Log Data” 
(AAPG Meeting, St. Louis, March, 1949). 
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porosity by taking S the water satura- 
tion as abseissa and R;/Ry as ordi- 
nate. The intersection falls on an 
oblique line representing the porosity 
in per cent. The oblique solid lines 
are for loose formations, and the 
dashed lines are for consolidated for- 
mations of low porosity. 

The values of the cementation fac- 
tor taken for the calculation were 
selected from experimental data se- 
cured in various fields of the Rocky 
Mountains. It has been found that the 
value of the porosity affects the value 
of “m” as indicated by the tabulated 
figures at the upper left of Fig. 5. 


Indetermination 


The resistivity of the invaded zone 
R; sometimes happens to be substan- 
tially equal to the resistivity of the 
formation (R;/R; = 1). Two solu- 
tions are then possible: 





(1) The formation is permeable, 


and the ratio = | is just a coinci 
t 
dence. It means that the mixture of 
the various fluids in.the invaded zone 
(mud, formation water, hydrocar- 
bons) occurs in such amounts as to 
give the invaded zone the same resis- 
tivity value as the unaltered forma- 


tion. Thus, when = 1 is accom- 
t 

panied by an appreciable S. P. value. 

the formation is usually well saturated 

with hydrocarbons; and this method 

of analysis can be used. 


(2) The formation has no perme- 
ability, and no invasion has occurred. 
Since the analysis is based on the pres- 
ence of invasion, it will give ridiculous 
results when applied in this case. For- 
tunately, in most formations, and par- 
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FIG. 4. Calculation of water saturation S. 
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ticularly in the Tertiary Series, no 
S. P. deflection is observed when the 
formation has no permeability. In 
this case, it can be seen from Fig. 4 
that a water saturation of 100 per cent 
will be obtained if the method is used. 
this means that all the water present 
in the formation is connate. In older 
formations, 5S. P. deflections are some- 
times observed opposite formations 
with no permeability. If this method 
is used, the water saturation found 
may be relatively low, and would infer 
that the remaining fraction of the 
voids is filled with hydrocarbons. 
This is, of course, impossible since no 
oil migration takes place in formations 
with no permeability. 

Usually, local experience permits 
classifying the indetermination as 
Type 1 or Type 2. In cases where 
nothing is known, the indetermination 
can be classified by remaking the elec- 
tric log with a new mud quite different 
in resistivity from the original mud. 
If the formation is permeable, the new 
invasion will sufficiently affect the re- 
sistivity of the invaded zone to give a 
ratio 7 different from one. On the 

t 


contrary, if the formation has no per- 


Ri. 
R, will be one 


regardless of the resistivity of the mud. 


meability, the ratio 


Critical Water Saturations 


It is well known that the water satu- 
ration in a given formation is a func- 
tion of: 


(a) The distribution of the voids 
and permeability of the formation. 


(b) The capillary pressure exist- 
ing at that level between the reservoir 
fluid and water phases. This capillary 
pressure will vary with the height 
above the level of 100 per cent water 
saturation, and with the difference in 
density between the water and the 
reservoir fluid. 


In the Rocky Mountains with low 
permeabilities and heavy oil, transi- 
tion zones have been observed to be 
quite thick. This means that many 
structures with small relief do not pre- 
sent commercial interest when black. 
heavy oils are anticipated. 

Fig. 6, curve “A”, shows how the 
water saturation varies with the per- 
meability for an oil saturated sand- 
stone. This curve was obtained in a 
laboratory, using a fairly high level 
of capillary pressure. Curve “B” 
shows the saturation for that sand- 
stone for which a water cut is likely 
to be produced with the oil, initially 
or a short time after, the start of pro- 
duction. Charts of this type can be 
constructed for other geological 
horizons. 

It can easily be seen that water 
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FIG. 6. Water saturation vs. permeability 
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saturations in excess of 40 per cent 
correspond to very low permeabilities, 
to depleted reservoirs, or to a level 
near to or in the transition zone. 

As a rule of thumb, 70 per cent 
water saturation is given as the eco- 
nomic limit for the light oils of the 
Rocky Mountains; and 50 per cent 
water saturation as the limit for 
highly viscous low gravity oils. It has 
been found that gas production can 
occur with very low permeability. 


In limestones, a low water satura- 
tion is necessary for clean oil produc- 
tion. Well saturated limestones have 
a water saturation lower than 15 per 
cent. When the calculated water satu- 
ration exceeds 25 per cent, the possi- 
bility of production is practically nil. 
Relation (5) is not too accurate in 
limestones, and may result in too opti- 
mistic determinations. 

In depleted sands, this method also 
gives too optimistic results, because 


the oil displacement in the invaded 
zone is greater than indicated by relz- 
tion (5). For this reason, it must be 
remembered that the water saturation 
in depleted sands is always larger than 
that calculated by this method. 


Typical Electric Logs in the 
Rocky Mountains 
Figs. 7 and 8 show a few examples 
of applications of the method to elec- 
trical logs. 
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Fig. 7: (Example 1) Oil Sand in 
Tertiary. 

The high water saturation is indic- 
ative of small oil reserve, which is 
customary in this horizon. 

(Example 2) Water Sands in Ter- 
tiary. 

The two sands in the illustrations 
do not have the same formation water; 
and for this reason, their S. P. and 
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true resistivity are different. Such fast 
changes in formation waters occur 
frequently in the Rocky Mountains. 
Quantitative analysis is indispensable 
in this example to make a true inter- 
pretation. 

(Example 3) Cretaceous Sandstone 
(Oil and Gas). 

The high resistivity encountered in 
this example is usual in many areas. 
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(Example 4) Water in Cretaceous 
Sandstones. 

This example shows a sand ofl- 
structure, where nothing but water 
was produced at the level indicated. 
Note the fairly high resistivity value 
in this water-bearing sandstone. 

Fig. 8: (Example 5) Oil and Gas in 
Limestone. 

This example shows hydrocarbon 
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On this first stream- 
lined Model U-10, built 
by the Unit Rig and 
Equipment Co., Tulsa, 
Diamond Roller Chains 
were used. Performance 
records revealed un- 
usual long-life dependa- 
bility, smooth operation, 
and efficiency. 


Model U-15 Unit Rig which is the 
very latest Unit for moderate 
depths. Diamond Roller Chain 
Drives are regular equipment as 
well as on the rig shown below— 





Unit Rig Model U-30 designed 
for extremely deep drilling. Both 
these Diamond Chain equipped 
Rigs well illustrate excellence in 


U ki engineering and construction. 





fan» 
aT Then as Now @& Equipped With 
“1 DIAMOND ROLLER CHAINS 


lue 
DIAMOND CHAIN COMPANY, INC. 


Dept. 441, 402 Kentucky Ave., Indianapolis 7, Indiana 


in 


Tulsa Office: 2238 Terwilleger Bivd. 
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saturation in the Permian limestone. 
The ratio Ri/Rt=1; and, conse- 
quently, this is an indetermination. 
Local knowledge permitted to solve 
the problem, although the example is 
taken from a wildcat. 


(Example 6) Jurassic Sandstone 
(oil). 

The ratio Ri/R;t = 1, and this also 
could be an indetermination. Fortu- 
nately, other levels in the sand show 
that invasion takes place because 
R;/R; is not always equal to unity. 

(Example 7) Pennsylvanian Sand- 
stone Surveyed with Salty Mud. 


This example is particularly inter- 
esting because of the salty mud at the 
time of the survy (.25 @ 150 F). Lit- 
tle S. P. is seen opposite the forma- 
tions illustrated. A detailed analysis 
of the example is as follows: 


Level A: 
—— 
Ry/Ru = 025 > 124 
110 
ie = —* 440 
Ri/Ri = § 
R,/Rm = 250 
&./k.. = 
Sr = 6 


This is an indetermination, and the 
formation may be impermeable. If the 
method is used, a water saturation of 
100 per cent and porosity of 8 per cent 
(consolidated), will result. Obviously, 
no hydrocarbon saturation is present. 
This interval is actually above the pay 
and represents a hard formation. 


Level B: 


' 35 
Rx/Ru = poe = 140 
Ri/Ru = Soe = 1000 
R,/Ri = J 
R,/Ru = 265 
R:/Ra == S30 
SP = —15 mv (max) 
S= 40% 


p = 12% (consolidated ) 


This level is actually in the pay sec- 
tion, although a rather small porosity 
is found. The top of the pay, as shown 
in the example, is not too easy to see 
except for a small variation in the 
S. P. curve. Level A and level B could 
be distinguished only by means of 
quantitative analysis. 


Level C: 
— 
Ry/ Rn —_— 0.25 = 84 
100 
a/R = 025 — 400 
R,/Re = 
R,/R.z = 130 
Ri/Ru = 250 
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manned by trained, experienced 
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temperature changes. 
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SP= —15 mv (max) 
S= 38% 
p = 16% (consolidated ) 


This is the best part of the pay. 
Level D: 





Ry/Ra = oF = 84 
80 
iS Me = 025 > 320 
Ri/Rt ae | 
tisha 135 
R:/Ru = 190 
SP= —15 mv (max) 
S= 50% 
p = 15% (consolidated ) 


This level is still in the pay, but a 
higher water saturation is already 
seen. 





‘Level E: 
Ry /R.. = 17=68 
Ri/Rm = ae — 148 
Ri/Ri — ] 
R,/Rin = 96 
Ry /Rin — 96 
SP = —15 mv (max) 


This could be an indetermination. The 
method would give S = 72% p = 
14% (consolidated). In any case, this 
level is not a part of the pay because, 
if permeable, the water saturation is 
too high. It is most likely that this 
level is in the transition zone, and will 
produce mostly water. 


It is interesting to see the increase 
in water saturation with depth. The 
porous zones in the sandstone are 
shown by relatively low values in re- 
sistivity; and the hard tight zones, by 
high values of resistivity. the water 
contact is likely to be at the top of the 
zone from which level E was taken for 
calculation. 


Conclusion 


The above method is based upon 
different assumptions, such as the 


_ hypothesis making possible the de- 


termination of 





R, e 
R.” approximate eval- 
uation of Ri/Ry and Ry/Ry». and pre- 
liminary obseravtions which have 


_ shown that parameters such as S and 


Si, deduced from electrical logs in the 
area under study, can be related to 


_ each other by a simple equation. 


: : _ = 
| deflections to the ratio——" 


Other observations have also per- 
mitted the determination of an aver- 
age value of coefficient K which ap- 
pears in the equation relating the S. P. 


m 


_ a 
w 


An essential feature of the method 
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is that the parameters deduced froin 
electrical logs appear in equation (()) 


% Be 
™m” Re 
decreases the influence of the errcis 
implied in the determination of each 
parameter. R; and R; are, for instance, 
deduced from apparent resistivities, 
measured with short and long devic:s, 
which are both influenced. by hole 
diameter, mud resistivity, bed thick- 
ness, etc. This influence, although it 
is not the same for each device, gives 
rise to errors in the value of R; and R, 
which partially compensate each other 


in the form of ratios 3; which 


Ry 
when the ratio — is the one taken into 


Ry 


consideration. 


i 
Also the ratio—" , deduced from 
w 


the value of the S. P. deflection, is 
independent of any possible error con- 
cerning the measurement of R,. 








Moreover, =; is generally small in 


z. 
the Rocky Mountains, and is com- 
paratively little affected by an error 
in the value of coefficient K. 

The method has thus led to numer- 
ous evaluations of water saturation 
and porosity in the Rocky Mountains 
which have been checked and which. 
on the average, have appeared quite 
reliable. 
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© This Schlumberger Camera and its companion instru- 
ments are designed to record a log of true resistivity values 
with reference to a known fixed zero. When you call 
Schlumberger, you get the best! 






Abstract 


This paper covers, in a non-tech- 
nical manner, the geophysical equip- 
ment currently available to meet the 
diverse problems encountered in pres- 
ent-day petroleum exploration. Inno- 
vations in operational techniques de- 
veloped to meet the specialized needs 
of over-water exploration are dis- 
cussed briefly, with special emphasis 
on radio-location methods. The im- 
portance of the drilling phase of ex- 
ploration is stressed, with the re- 
minder that in the Gulf of Mexico this 
alone will determine the efficacy and 
extent of the exploratory work in this 
important province. 


1. INTRODUCTION 


| vt has been said that the continuous 
and persevering search for oil that 
has characterized our petroleum in- 
dustry has been the most important 
factor in maintaining our reserves. I 
think no one will contest the state- 
ment that in this perseverance the 
American petroleum industry has led 
the world. It has led not only in the 
scope and sheer magnitude of opera- 
tions, but in the development and per- 
fection of exploration tools—both 
geological and geophysical. These 
facts are amply substantiated by the 
already established record of the in- 
dustry, both at home and abroad. 


But if the record in the past has 
been one of diligence, that of the fu- 
ture must be even more persevering. 
For, if the postwar era has marked 
any change, it is that for the first 
time in two decades we seem to have 
emerged from a period marked by 
surpluses to a condition of tension be- 
tween supply and demand. Thus there 
has developed the urgent need to ex- 
pand our petroleum-producing areas 
into every potentially productive re- 
gion within reach of the drill. These 
new circumstances, as is always the 
case when new economic forces create 
new frontiers, have resulted in a re- 
markably rapid expansion of explora- 





*Presented before Division of Production 
Group Session on Offshore Drilling during the 
28th Annual Meeting of the American Petro- 
leum Institute, in the Stevens Hotel, Chicago, 
Illinois, November 10, 1948. 

}Gulf Research and Development Company, 
Pittsburgh, Pennsylvania. 
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tion into hitherto neglected provinces; 
and, with this change, new problems 
have come to those responsible for 
exploration. 


Particularly noteworthy is the 
added responsibility being placed on 
geophysics in the preliminary phases 
of geological evaluation of virgin 
areas. Greater use is being made of the 
potentialities of geophysical recon- 
naissance methods, followed directly 
by detailing and the drill. This has not 
been a sudden development; but the 
growing trend, brought about by the 
very nature of the new areas under 
scrutiny, does seem to have crystal- 
lized into a generally accepted policy. 
Indeed, already in some new prov- 
inces, this has been the pattern of ex- 
ploratory operations that have met 
with success. It is certain to be the 
pattern as available territory becomes 
more and more inaccessible to sur- 
face geological exploration. 


’ In addition to the demand for bet- 
ter geophysical reconnaissance, these 
same circumstances inevitably call for 
better resolving power in our detail- 
ing tools. The enormously expanding 
costs of far-flung foreign operations 
and the hazards and problems of drill- 
ing in difficult terrain or water opera- 
tions do, for economic reasons alone, 
require greater certainty in the de- 
lineation of promising structures. 


I need not remind you that the post- 
war era has brought out no new geo- 
physical methods. Except perhaps in 
very special cases, petroleum explora- 
tion still places its principal reliance 
on the three basic methods, viz., mag- 
netic, gravimetric, and seismic meas- 
urements. There have been improve- 
ments in instrumentation for all three 
methods. There has been a gradual 
but very definite improvement in in- 
terpretation techniques in all three 
methods, brought about by cumulative 
experience and, to no small degree, by 
the stimulation afforded interpretation 
personnel through the evident in- 
creased confidence of the industry in 
the work of this personnel. New aux- 
iliary tools and some unique opera- 
tional methods have been developed 
to meet the greatly diversified physi- 
cal conditions encountered in the ex- 
panded scope of operations. 


THE PETROLEUM ENGINEER, Reference Annyal, 1949 


Without going into details which 
would be of interest primarily to geo- 
physicists, it is the purpose of this 
discussion to review briefly how avai!- 
able methods and auxiliary tools are 
being used in current exploration pro- 
grams. I shall of necessity consider the 
continental shelf province of Texas 
and Louisiana as merely one example 


and, geophysically speaking, a rather 


simple problem among the many new 
ones confronting the industry. For 
this reason, I believe it will be more 
profitable herein to outline briefly the 
application of the three basic methods 
in broad exploration programs of the 
prevalently occurring type and, in 
passing, to point out the present state 
of instrumentation and certain new 
operational techniques and equipment 
that of necessity have become a part 
of the geophysicist’s equipment. 


ll. GEOPHYSICAL RECON- 
NAISSANCE 


The use of magnetic or gravimetric 
measurements in geophysical explora- 
tion was introduced initially with the 
sole view of exploiting their capabili- 
ties in locating or even detailing cer- 
tain types of structures. Thus the use 
of gravity measurements for direct 
finding of salt domes, and even to 
detail them, is too well-known to re- 
quire comment. Similarly, but perhaps 
less spectacularly, is the case of mag- 
netic measurements for igneous intru- 
sions and other structural types in- 
volving the relatively highly magnetic 
basement rocks. Fortunately both the 
nature of the observations and instru- 
mental improvements permit the sur- 
vey of large areas at reasonably low 
cost. As a result, both magnetic and 
gravity surveys are now generally con- 
sidered as available reconnaissance 
methods. This is particularly true be- 
cause accumulated experience and ad- 
vances in interpretation have served 
to emphasize certain inherent features 
adaptable to such applications. How- 
ever, first let me emphasize that by 
reconnaissance I do not mean mere 
coverage of large areas for the sole 
purpose of stumbling upon structural 
details. Rather I refer to its use with 
the view of determining regional geo- 
logical features where direct geologi- 
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cal examination is impractical as, for 
example, some water-covered areas. 
On the other hand, such an area as the 
Gulf Coast continental shelf is a part 
of a well explored province, and the 
problem there is primarily one of 
finding local structure. Thus a re- 
gional gravity survey quite capable of 
locating salt domes directly would not 
be reconnaissance within the present 
meaning. 

As is well-known, in a virgin prov- 
ince there are broad basic geological 
questions that are of importance as 
well as the detailed structural con- 
figuration, and in this réle magnetic 
and gravity surveys are useful, even 
though any hoped-for indication of 
local structure may turn out to be 
rather nebulous. 


Magnetic Surveys 


The measurement of the earth’s 
magnetic field comprises the oldest of 
the three geophysical methods dis- 
cussed herein. Perhaps this may ex- 
plain why it was the first to attain the 
black list of the petroleum industry 
back in the days when, for some rea- 
son, any data which contoured as a 
“high” were frequently accepted as a 
structural high and a place to drill. At 
any rate, the many early failures of 
magnetics—failures due to misappli- 
cation and erroneous interpretation— 
almost relegated this method to ob- 
scurity. 

Fortunately, however, we now know 
that, although basement structure may 
be reflected in the magnetic map, 
usually the prominent anomalies arise 
from discontinuities in the character 
of the igneous rocks composing the 
basement, and that they bear no neces- 
sary relation to structure. Neverthe- 
less, even such features can be useful 
to the interpreter; for it is now quite 
well-known that, by careful study of 
a regional map, an interpreter can 
calculate the depth to basement with 
a fair degree of accuracy. By “fair’’ is 
meant not order of magnitude, but in 
reasonably favorable cases—within 
10 per cent and frequently better—as 
has been proved in rank wildcat ter- 
ritory. Obviously, in virgin areas such 
information is of basic value and 
illustrates what is meant by reconnais- 
sance in the pure sense. 


When the basement rocks are not 
too deep, structural features in the 
basement such as major uplifts, major 
faults, and structural trends may be 
disclosed through the obscuring fea- 
tures caused by mere changes in base- 
ment composition. In areas of still 
shallower basement, and where: the 
sediments are conformable, even small 
features representing promising struc- 
ture may be found, and the method 


B-56 


verges on being a detailing tool. Cer- 
tainly, however, the magnetic method 
is admirably suited to its broader field 
of reconnaissance and, fortunately, in- 
strumentation has proceeded to the 
point where rapid coverage to suit 
any conditions and over any type of 
terrain is now possible. 


Magnetic measurements, to be of 
full value, should have an accuracy 
of 1 or 2 parts in 50,000—an ac- 
curacy of 1 or 2 gamma in geophysi- 
cal terminology. Such accuracy is 
possible with proper design and op- 
eration of the well-known Schmidt 
magnetometer which has been used 
for years in the industry. There is also 
available an air-borne instrument 
capable of comparable accuracy, but 
at the same time equipped with the 
seven-leagued boots of air transport. 
Not only does the air-borne feature 
permit the coverage of 500 to 1000 
miles of continuously recorded pro- 
file per day with a single instrument, 
but it permits such surveys unhamp- 
ered by any terrain problems. More- 
over, in areas plagued by very local 
magnetic disturbances, such as those 
caused by scattered igneous débris 
where land instruments are rendered 
ineffective, the air-borne magnetom- 
eter is sufficiently removed from such 
very local disturbances to eliminate 
them altogether. 


Gravity Surveys 


The measurement of the earth’s 
gravitational field is an ancient art 
which has found broad use in explora- 
tion geophysics because of the extreme 
accuracy possible in the measurement 
of local variations of gravity. Direct 
deflecting instruments—i.e., gravi- 
meters—capable of relative measure- 
ments within 2 or 3 parts in 100 mil- 
lion have been generally available for 
more than 10 years. Some very recent 
instruments are extremely portable 
and easily carried by one man. Be- 
cause of their extreme sensitivity, 
gravity maps based on properly con- 
ducted gravimeter surveys reflect geo- 
logical features involving variations 
in density distribution in both the 
basement and the sedimentary rocks. 
As in the case of magnetics, large 
regional gravity anomalies are ob- 
served which have their source deep 
within the basement and which may 
bear no relation to structure. On the 
other hand, unlike magnetics which 
are relatively insensitive to normal 
sedimentary rocks, gravitational ano- 
malies can arise from density varia- 
tions in the sedimentary section. 
Hence, there are areas where gravity 
reconnaissance may be more diag- 
nostic than magnetics, although this 
may not be predictable beforehand. 









Again, as in the case of magnetics, 
because of the nature of the observa- 
tions and the extremely portable in- 
struments of recent development, tl:e 
method is well suited to reconnai.- 
sance; and, depending on the geology 
of the province, it may be better suited 
than magnetics as a means of high. 
grading large areas for subsequent 
detailing. This is a question best au- 
swered by actual trial. 

The question immediately arises as 
to the possibility of developing a 
gravimeter for use in aircraft for the 
purpose of increasing operational 
speeds as in the case of magnetics. 
It should be pointed out that gravity 
measurements are measurements of 
gravitational acceleration, and there 
is no way to separate motional and 
gravitational accelerations; and it is 
obviously impossible to fly any air- 
craft in a perfectly straight line and at 
such constant speed as to eliminate 
motional accelerations within the pre- 
cision required in gravitational sur- 
veys. An air-borne gravimeter for ex- 
ploration can, therefore, almost 
certainly be relegated to the realm of 
the impracticable. 

It is also of interest to mention here 
that most modern gravimeters have 
such high sensitivity that they are al- 
ready capable of measurements below 
the “noise level” of practical opera- 
tion; i.e., disturbances due to local 
unknown density inhomogeneities, as 
well as errors in the determination of 
the elevation of the point of observa- 
tion, exceed the observational accu- 
racy of the modern instruments. Thus, 
new instrument design aims for 
greater portability and ease of manip- 
ulation rather than increased sensitiv- 
ity. 

To meet the need for under-water 
operations, such as in the Gulf of 
Mexico, two methods are in use. Inas- 
much as a solid foundation is required 
to eliminate any motional accelera- 
tions of the instrument, it must be 
rested on bottom. Special tripods have 
been used in water up to 20 ft in depth. 
More recently, for deeper water, div- 
ing bells are used. These are large 
enough to permit the lowering of both 
instrument and operator to the bottom 
where the instrument is then manually 
leveled and operated as in the case of 
normal land surveys. Careful design 
of the bell is required to provide for 
the safety of the operator. Alternat- 
ively, instruments are available which 
comprise a gravimeter mounted in a 
pressure-tight case which alone is 
lowered to the bottom. The instrument 
is equipped with suitable remote elec- 
trical level indicators and level adjust- 
ments so that an operator comfortably 
located on the boat can make the neces- 
sary adjustments. When level, the in- 
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strument is unclamped by remcte 
control, and a camera photographs 
the gravimeter reading and codes the 
record for future identification. Evi- 
dently such operation involves smalier 
equipment than the man-carrying diy- 
ing bell, and the size of boat required 
is then determined largely by safety 
and speed requirements. Speed is im- 
portant because a major portion of 
the time consumed in water surveys 
of this type involves transportation 
alone. 


It is interesting to note here that 
gravity instrumentation is now so far 
advanced that, in a normal land sur. 
vey of high precision, about two- 
thirds of the total cost involves the 
surveying—primarily elevations— 
which should be accurate to within 
about 0.5 ft. Thus there is more to be 
gained by the development of rapid 
level survey methods than by improve- 
ment of the gravimeter itself. Such 
developments. are under way, and 
some success has already been at- 
tained. On the other hand, in the case 
of water work, the determination of 
instrument elevation is less trouble- 
some than the location survey, because 
the water level may be used as the 
bench mark, and depth to the instru- 
ment can be measured by sounding or 
by a suitable pressure indicator. 


Seismograph Surveys 


Both the magnetic and gravimetric 
methods involve the measurement of 
forces at a distance, and are thus 
rather indirect methods of determin- 
ing structural configuration. For this 
reason, except in very special cases, 
there must always remain some more 
or less considerable ambiguity in in- 
terpreting the data in terms of geo- 
logical structure. On the other hand, 
seismic observations are based on re- 
cordings of sound waves which, pro- 
jected from the near surface, actually 
reach down and touch or traverse the 
rock strata. In a sense, we are actually 
probing the subsurface with the seis- 
mograph method, and thus we closely 
approach our normal concepts of what 
a detailing tool should do. 


Because of complexity of the sub- 
surface, the interpretation of the data 
is not quite so simple as the probe 
analogy implies, and only in excep- 
tional cases is the method free of 
ambiguity. Moreover, it is unfortunate 
that the wave length of our probe is 
long, because short waves are highly 
attenuated in the earth and soon fade 
to the vanishing point. These long 
waves are somewhat analogous to the 
use of a measuring stick with an 
elastic tip, i.e., it limits the resolution 
of the device to an embarrassing but 
unavoidable degree in the case of very 
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complex structure. However, we are 
not interested here in technical details. 
They are mentioned merely to indicate 
why instrumentation of the seismo- 
graph is severely limited as compared 
to some of the wartime acoustic de- 
vices of which we have heard, and 
which perhaps we have assumed might 
appear eventually in some form in 
seismograph equipment. 


You are no doubt familiar with the 
use of refraction, or even reflection. 
work in what has sometimes been 
called reconnaissance work, You are 
well aware of the previous use of re- 
fraction work in the location of salt 
domes, but perhaps you are less aware 
that refraction shooting has become 
increasingly important as a detailing 
tool when reflection work is difficult 
or even impossible. It is not fitting 
here to go into detail concerning the 
relative merits of these methods under 
various conditions, but merely to point 
out that either or both may be used in 
the final stages of an exploration pro- 
vram. In any event, whether reflection 
or refraction methods are used, the 
problems involved in field operations 
over difficult terrain or water work 
are essentially the same. and need no 
separate discussion. 


It is pertinent, however, to point 
out here that, once the special facili- 
ties required for water operations have 
been provided and necessary experi- 
ence has been attained, such opera- 
tions usually proceed more rapidly 
and with greater facility than is the 
case in much of our land operations. 
Thus, because of the speed of the 
work, it is found more practical in the 
Gulf of Mexico to use continuous re- 
flection profiling methods, rather than 
the older refraction techniques—even 
in the search for shallow salt domes— 
with the obvious advantage of secur- 
ing incomparably greater detail in 
subsurface data, including minor fea- 
tures when the profiling is done with 
sufficiently close spacing. Moreover. 
it is of interest to add that, in the 
work in the Gulf of Mexico, better 
seismograph records are available 
than is the case in adjacent swamp 
areas; so that an additional degree of 
certainty attends the exploration in 
these waters. 


lll. RADIO SURVEYING 


The extension of exploration from 
near shore to wide expanses of open 
water, such as the Gulf of Mexico, the 
bahamas area, or even Lake Mara- 
caibo, has introduced new problems 
i surveying. As work drifted farther 
and farther offshore, the use of ortho- 
dox triangulation and chaining meth- 
ods, using wire line a mile or more 
long, met with obvious obstacles. At 








large distances such methods became 
too cumbersome to keep pace with the 
operations they are intended to guide. 
Buoys cannot be maintained with any 
certainty, and the expansion seaward 
of a triangulation network by such 
methods introduces intolerable errors. 
Moreover, it is desired to know the 
position of a continuously mobile 
craft at any time, and even manual 
surveying methods are not adapted to 
such operation. 

A similar and even more immediate 
problem is encountered in air-borne 
magnetometer operations where the 
position of the aircraft must be known 
at every instant to within some 50 ft io 
100 ft if the required accuracy of the 
magnetic map is to be attained. 

Fortunately, war-born developments 
have found direct application in meet- 
ing the first brunt of this problem, and 
they represent the only case of a new 
technique lifted directly from war io 
geophysical use. For this reason, | 
shall use a disproportionate amount 
of time to outline the principles in- 
volved. | refer to the use of radio 
methods for position-finding, wherein 
the known velocity of radio propaga- 
tion is used as the measuring stick. 
The velocity is such that the “echo” 
of a transmitted signal is returned 
from a reflector one mile distant in 
approximately 10 millionths of a sec- 
ond. However. under proper condi- 


tions, modern electronic techniques 
permit the measurement of time in- 
tervals to within fractions of a mil- 
lionth of a second, so that it is now 
possible to use the travel-time of a 
radio signal to measure distance to 
within a relatively few feet in the 
same manner that the timing of an 
acoustical echo is sometimes used. 

One of the earliest equipments used 
quite extensively in the Gulf area is 
radar; and, although it does not rep- 
resent the most advanced and accurate 
type of radio-survey equipment, it was 
immediately available from war sur- 
plus, sufficiently compact, and af- 
forded adequate accuracy for much 
of the near-shore work. Triangulation 
with this 3-cm and 10-cm radar equip- 
ment is effected by the use of corner- 
reflector targets set up on shore, with 
extensions seaward through the use 
of similar target buoys. It might be 
mentioned that precision angular 
measurements are not possible with 
simple radar or other radio equip- 
ment, and reliance is placed in dis- 
tance measurements alone. 


A related but more specialized type 
of equipment, developed during the 
war, is known as “shoran” (short- 
range navigation). Here a radio pulse 
initiated at the mobile station is re- 
ceived at a fixed “transponder” sta- 
tion, where a new pulse is immediately 
generated and transmitted hack to the 
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mobile station. The time interval be- 
tween the initial outgoing pulse and 
the “pseudo-echo” pulse received from 
the transponder is measured at the 
mobile station, and the distance to the 
fixed transponder location thereby is 
determined. Time lags within the 
transponder’s repeater equipment are 
calibrated out in the time-measuring 
equipment at the mobile station, where 
the distances are read directly from 
dials to within about 1/100th mile, or 
approximately 50 ft. A complete “fix” 
of the mobile station is obtained at 
any time by measuring the distance to 
each of two transponder stations at 
known locations, as required in any 
triangulation system. The equipment 
is so arranged that the interrogation 
pulses are transmitted at the rate of 
about 900 per second, and the trans- 
missions are alternated at different 
frequencies to each of the 2 trans- 
ponders about every 1/10th second. 
Thus a continuous stream of distance 
information is available at the mobile 
station where, by cathode-ray pres- 
entation of the outgoing and incoming 
pulses, the operator whose duty is to 
keep the visual pulses on the scope 
properly matched can continuously 
“track” his movement with respect to 
each of the fixed stations—with the 
distances appearing directly on the 


tracker dials. In practice, the possible 
acuracy is found to be within about 
+ 50 ft. 

Clearly, the “shoran” method is 
analogous to the radar method, but it 
has a much greater effective range, 
because the echo pulse is a regenerated 
one amounting to 10 kw or 15 kw of 
peak-power instead of a mere vestigial 
reflection of the original transmission. 
Moreover, there can be no ambiguity 
caused by reflections from natural 
targets, because only the proper trans- 
ponder will give a response. However, 
although the potential range of such 
equipment may be at least 200 miles 
—with an accuracy independent of 
distance—it, like radar and other 
very high-frequency systems, is limited 
essentially to line-of-sight operations. 
By this is meant that such high- 
frequency systems are practically cut 
off of the horizon in the same manner 
that an optical path is limited. Hence, 
the range of radar and shoran systems 
is definitely limited by the heights of 
the antenna systems. Using, say, 50-ft 
masts at both transmitter and target, 
the line-of-sight range over water 
would be about 20 miles—and, with 
100-ft antennae, it would be extended 
only to about 28 miles. Obviously, 
then, the full range capabilities of 
shoran equipment can be utilized only 


by aircraft flying at high altitude. In 
air-borne magnetometer operations, 
advantage may sometimes be taken of 
elevated locations for the transpon- 
ders, and ranges up to 120 miles have 
actually been used during surveys 
conducted at an altitude above ground 
of about 2000 ft. 
It is evident that this inherent range 
limitation, even on radio-survey meth- 
ods, is a serious handicap in opera- 
tions which in the Gulf of Mexico will 
extend to 75 miles or more offshore. 
Moreover, there is no cure for this 
limitation in the case of pulse systems 
of the radar or shoran type which 
must use high frequencies to generate 
the sharp pulses demanded by the 
accuracy requirements. Low-fre- 
quency pulse systems, such as “loran,” 
do circumvent the line-of-sight limita- 
tion, but to date these long-range navi- 
gation systems have inadequate ac- 
curacy for exploration work. 
Fortunately, there is a radio-survey 
technique which avoids the use of 
pulse transmission and which has very 
high inherent accuracy. It is well 
adapted to low-frequency operation; 
in fact, for geophysical operations, it 
is preferable to operate near or below 
2 megacycles where the optical path 
limitations no longer prevail. These 
are the so-called phase-comparison 
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systems, of which there are numerous 
embodiments of the same general 
principle. 

Basically, these systems involve the 
measurement of the phase difference 
of radio waves received from two con- 
tinuous-wave transmitters. The radia- 
tions from these transmitters produce 
in space a hyperbolic interference pat- 
tern with the transmitters at the foci 
of the hyperbolas. By the use of two 
such systems—which provide a grid 
of two intersecting hyperbolic _pat- 








terns—a mobile receiver, properly in- 
strumented, is able to chart its motion 
in space by reference to a map on 
which this precomputed grid has been 
drawn. However, unlike the pulse sys- 
tems which permit a fix to be made 
at any time, in the phase-comparison 
systems as now developed, the mobile 
craft must enter the grid at a known 
point. Then, by setting the dials to 
correspond to the position of this 
point, thereafter the position at any 
point within the grid is indicated 
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directly on the dials—provided, hov.- 
ever, that the equipment has bee» 
operating continuously and _ reliably 
throughout the interim. 

The requirement of entering the 
survey grid at a known point and of 
maintaining continuous operation 
thereafter, together with the need for 
a precomputed map of the hyperboli- 
grid for each individual survey ne'- 
work, comprises the most serious 
drawbacks of phase-comparison sy-- 
tems. On the other hand, at the pres- 
ent time, they offer the only hope for 
low-frequency operation and, thus. 
the elimination of the line-of-sight 
limitations of the radio-pulse methods. 
One remaining problem is the alloca- 
tion of frequencies for such use-in ihe 
already overcrowded low-frequency 
bands. However, temporary author- 
ization for experimental trial of two 
such systems in the Gulf of Mexico 
has recently been given by the Federal 
Communications Commission. 

At this early stage of development 
it is impossible to say what system will 
prove most useful in geophysical 
work. However, the use of radio-sur- 
vey methods has become a necessity, 
not a mere convenience; and it is 
likely that all three types, viz., radar, 
shoran, and phase-comparison equip- 
ment, have become permanent addi- 
tions to our exploration tools. With- 
out them, exploration in many areas 
would be impractical. 


IV. NEW OPERATIONAL 
TECHNIQUES 


We have already considered briefly 
the status of gravity and magnetic 
methods as regards new develop- 
ments. Only in the case of the mag- 
netometer have any revolutionary new 
instruments or operational techniques 
heen introduced. 

In the case of the seismograph, the 
gradual improvement of the equip- 
ment involving modernization of com- 
ponents has occurred. There have 
been no radical changes. On the other 
hand, it has been necessary to intro- 
duce certain innovations; and these, 
in particular, are required to meet the 
diversity of problems encountered in 
water work. In general, each new 
province seems to offer its peculiar set 
of problems--some due to physical 
characteristics of the sea bottom, and 
some due to man-made rules and 
regulations. 

One of the first problems encoun- 
tered in deep-water work was the con- 
plexity of the seismic records finally 
traced to oscillation of the gas bubb'e 
formed when the shot was detonated. 
This introduced obscuring interfer- 
ences in the character of the reflec- 
tions recorded. The trouble is elimi- 
nated by shooting at a sufficientls 
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ble to break the surface. Another shot- 
point problem is encountered when 
the bottom comprises such a _ thick 
layer of ooze that most of the energy 
is absorbed before it has a chance to 
enter the consolidated material. For- 
tunately this problem generally in- 
volves rather localized areas. Except 
for these and related nuisances, water 
work in some areas is actually simpli- 
fied as compared with land operations 
because of the elimination of shot- 
hole drilling and the possibility of al- 
most continual motion of the shooter’s 
boat with only a_position-spotting 
problem with which to contend. 

The heart of the seismograph is the 
detector setup. It is common practice 
in water work to use the same type of 
detector or geophone that has been 
used on land. Obviously, the housing 
must be modified for marine use; and 
in many cases, as when the units are 
not planted individually, the geo- 
phone is mounted pendulously on a 
rotatable gimbal within an elongated 
streamlined housing, so that it will al- 
ways be in its proper vertical position 
when resting on bottom. It is then cus- 
tomary to incorporate this special 
geophone housing as an integral part 
of the electrical cable so that the en- 
lire string comprising the geophone 
setup may be dragged on bottom from 
one location to the next. On the other 
hand, there are some water areas 
where ragged coral bottom precludes 
the use of this simple and time-saving 
method. In such cases, the geophones 
are lowered individually to the bot- 
tom. Some operations, especially over 
rugged bottoms, have been carried 
out by the use of suitable floats, where- 
by the geophones are actually sus- 
pended in the water, below the sur- 
face, where they partake in the seismic 
motion of the water just as they do 
when setting on bottom. Geophones 
actuated by the pressure waves in the 
water rather than the actual motional 
component of the seismic wave are 
particularly well adapted to the 
scheme of floating them below the 
surface. The writer is not informed 
as to whether pressure-type geo- 
phones have had any very extensive 
use, as there are certain embarrassing 
technical problems involved in their 
design. 

Other than such innovations as the 
shot point and geophone spread and 
the obvious changes in operational 
procedure required to meet condi- 
tions of boat operation, there appear 
to be no novel departures from nor- 
ma! land operations that warrant de- 
tailed discussion here. In general, | 
believe it can be said that seismic 
operations in the Gulf of Mexico are 
ve:y rapidly conducted and that, be- 


shallow depth to permit the gas bub- 





cause of generally good bottom pres- 
ent over the area, the character of the 
records obtained surpasses that of the 
adjacent swamp lands. 


V. THE DRILLING PHASE OF 
EXPLORATION 


lf, in the foregoing remarks, it ap- 
pears that I have ignored drilling as 
a part of exploration procedure, let 
me hasten to add that I wish very 


strongly to emphasize its importance. 


Regardless of the degree of perfec- 


tion we might eventually attain in the 


resolving power of geophysical and 


geological tools with resultant achieve- 





ment of near-perfect delineation of 
structural conditions, it is only the 
first step in exploration. The structure 
must, in the final phase, be tested by 
drilling, and must be proved to be a 
reservoir amenable to profitable ex- 
ploitation. Thus production engineer- 
ing and, in particular, drilling tech- 
nigues are as essential to exploration 
as the geological and geophysical as- 
pects of the problem of maintaining 
petroleum reserves. In many cases it 
represents the greatest portion of the 
cost. Of course, this is not a new con- 
cept, but I believe it is a phase of the 
problem which heretofore has been 
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kept somewhat submerged by circum- 
stances—circumstances whereby our 
search for new reserves was largely 
confined to provinces amenable to 
orthodox engineering and drilling 
techniques. Under such conditions the 
burden of finding new fields—or the 
failure to do so—fell almost entirely 
on the geologists and geophysicists, 
and discovery rates were determined 
largely by the success of their activi- 
ties. Drilling for the purpose of con- 
demning a location or of proving it 
was a more-or-less routine matter. 
But now, in the industry’s currently 
expanded operations, I wish to em- 


phasize that in certain of these new 
provinces the crux of the problem will 
be, to a large extent, on the shoulders 
of the production engineer—not the 
geophysicists. This is particularly true 
of the continental shelf of Louisiana 
and Texas. Here is a vast area where 
long ago it was predicted that without 
doubt numerous salt-dome structures 
existed and, with almost equal cer- 
tainty, that they would be productive. 
Moreover, no question was involved 
as to the ability of existing geophysi- 
cal methods to locate such structures. 
Exploitation of the area has been en- 
tirely a matter of economics. Now, 
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Fig. F538 


SPANG TUBING SPEAR 
(Fig. F533) 


SPANG TRAP SOCKET 
(Fig. F538) 


FOR FISHING TUBING Spang 
offers a variety of tools, including 
Combination-Type Tubing Socket, 
Slip-Type Tubing Socket with man- 
drel, Cherry Picker, Spang Alliga- 
tor Style Grab, Tubing Spears in a 
variety of types, and the Spang 
Trap Slip Socket (IIl.) which has a 
unique slip arrangement enabling 
it to catch tubing or slivers in 
almost any condition. 


Fig. F533 
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with the opening of the area, explora. 
tion is more or less a routine business, 
except for the introduction of certair: 
innovations in operational techniques. 
Here for the first time, perhaps, the 
speed of development and, in fact, the 
areal extent of the exploitation will 
depend upon the ability of the indus. 
try to cope with the drilling and opera 
tional: problems, and they will not be 
limited basically by the finding power 
of the geophysical tools. 


Quite logically, at the present time, 
activity is confined to the combing of 
the near-shore waters for the larger 
features, viz., the geophysically obvi- 
ous domes. Aside from certain special 
operational techniques, no unusual 
geophysical problems are involved; in 
fact, the finding of such domes is 
among the simplest of the geophysi- 
cist’s problems. The number found 
will doubtless be in proportion to the 
distance out into the Gulf of Mexico 
that the production engineers are pre- 
pared to go. Moreover, current geo- 
physical methods are quite capable of 
finding the less obvious deep-seated 
domes and even the relatively numer- 
ous, although somewhat obscure, in- 


_ terdomal features from which prolific 


production has been obtained on land. 
How many such features will enter the 
final exploration phase of drilling 
again will depend upon the economics 
of the exploration drilling problem. 
Thus it seems certain that the thor- 
oughness with which this portion of 
our continental shelf is explored must 
ultimately be answered by the produc- 
tion engineers, not the geophysicists 
or geologists. 


This is in some respects a unique 
situation; for, although deep-water 
exploitation is not a new accomplish- 
ment of the industry, the combination 
of problems in the Gulf is new, and 
drilling techniques and associated eco- 
nomics will for the first time be the 
major controlling factor in explora- 
tion—not the finding of reasonably 
promising drilling sites. This, I be- 
lieve, is the most interesting and im- 
portant feature of the Gulf of Mexico 
exploration activity. Certainly, I have 
no suggestions as to what form an ex- 
ploratory drill might take that would 
provide the necessary economical fol- 
low-up on geophysical locations; per- 
haps there is no answer. But I do be- 
lieve that the Gulf of Mexico exploita- 
tion will serve to highlight the need 
for bold attempts to replace the stand- 
ard production rig for exploratory 
purposes. We should not forget the 
fact that the drill is as important a 
part of exploration as any of the geo- 
physical tools, and it is deserving of 
as much effort in adapting it to this 
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enough to even begin to outline the many unique features incor po- 


rated into this unusually complete pressure control unit. 


FIRST, CONSIDER THE WORDS “‘COMBINATION BLOW-OUT PRE- 
VENTER AND STRIPPER”: Unlike conventional pressure control 
equipment, this unit is BOTH a Blow-Out Preventer and a Stripper 
—combined into one compact unit, As a Blow-Out Preventer it 
maintains a continuous pressure-tight seal around any and all 
shapes and diameters* in the drill string — whether square, hexa- 
gon or octagon kellys... flush or upset pipe, couplings, tool joints 
or drill collars. That in itself is a very important advantage! 


AND NOT ONLY DOES IT MAINTAIN THIS SEAL CONTINUOUSLY, 
but it also adjusts itself instantly and automatically to varying 
shapes and diameters as they pass through the unit — all without 
manual attention of any kind. Therefore it is a “Stripper” in the 
fullest sense of the word —a Stripper that automatically maintains 
complete. pressure control even while the drill string is raised or 
lowered through the unit—and no special pipe handling procedures 
are necessary. So that’s another very important advantage! 


HOW ABOUT THAT WORD “ROTATING’’? It highlights still an- 
other vital feature, for this unit is not only both a Blow-Out Pre- 
venter and a Stripper, but it also maintains complete pressure 
control while the drill string is rotating. It even maintains a leak- 
proof seal around all types of kellys while they rotate — even square 
ones — without damage or wear on the Stripper Rubber! 

You see, the kelly and Stripper Rubber rotate together — 
not one inside the other. This eliminates continuous wear and flex- 
ing of the Stripper Rubber, yet permits rotation to be maintained 
while the drill string is sealed off at all times against pressure 
emergencies. It’s obvious that this is a very important advantage, too! 


AND OF COURSE THAT WORD “SHAFFER” is mighty important 
because it tells you that this unit is backed by pioneers in the 
deve! opment of high pressure control equipment — an organization 
with a quarter of a century of leadership, experience and integrity 
behind every product it makes. 


*Excepting such abnormally large diameters as reamer or bit. 





fledls waname? Pp 


lave you ever stopped to analyze this name’... 


y= NAME “Shaffer Combination Rotating Blow-Out 
Preventer and Stripper’ is a long one — but actually it’s not long 

























Actually. the name is not long enough... 


It doesn’t indicate how the Shaffer Combination Rotating 
Blow-Out Preventer and Stripper is completely automatic in its 
action, always maintaining its full pressure seal without manual 
operations of any kind. No valves to turn, nothing to tighten or 
loosen, no operations to remember — or forget — when pressure 
emergencies arise. It is always sealed around the drill string! 

And the name doesn’t even hint at such other vital features 
as the unique bearing design that assures smooth wobble-free rota- 
tion without maintenance...or the pre-packed lifetime bearing 
lubrication...or the special barrier of expandable steel latches 
that safeguard the Stripper Rubber against damage by large diame- 
ters, and against extrusion by high pressures ...or the simple way 
in which such large tools as bits and reamers can be readily passed 
through the unit by simply pulling a latch and rotating the bonnet 
1/6th turn to open the body to full casing diameter. 

In fact, although we have mentioned only a few of the many 
really unique features combined into the Shaffer Combination Rotating 
Blow-Out Preventer and Stripper, you can readily see that the name 
isn’t half long enough. Before you invest 
in any pressure control equipment, why 
not let us give you the complete story on 
this versatile, trouble-free, highly-efficient 
4 Shaffer product? 
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MUD CONTROL AND DESIGN 


VICTOR HORNER AND W. B. KIMBRELL 


Introduction 


s 


In He past few years, drilling fluids 
have become a major tool in the ad- 
vancement of drilling technique and 
have opened an engineering field of 
vast importance to the oil industry. 
it has been recognized and well estab- 
lished that the inflow of gas or fluids 
and loss of drilling fluids are con- 
trollable by the correct application of 
hydrostatic principles and control of 
mud friction factors; that the trans- 
portation of cuttings is a matter of 
carrying power expressed through 
viscosity and gelation properties with 
consideration given to proper flow 
characteristics; that shale caving or 
sloughing is greatly influenced by the 
degree of water wetting of the shales; 
that the filtration cake deposited on 
the wall of the hole is related to mud 
quality and is a common source of 
trouble subject to correction; that the 
protection of permeability in reser- 
voir zones is related to the chemical 
make-up of a mud and is a factor in 
initial production rate; that abrasive 
and corrosive actions of a mud are 
of sufficient importance to be con- 
controlled; that the value of electric 
loggings data is dependent upon the 
chemical character of a mud. These 
functions cover a broad field, some 
are interrelated, but as a whole, they 
are independent and each is sufficiently 
important and complex to justify spe- 
cialized study. 


Weight Control 


High specific gravity weight min- 
erals (barite) have long been em- 
ployed as an additive to drilling fluid 
for increasing mud density in the 
control of inflow of gas or fluids from 
the drilled formations. Mud weights 
in the 15 to 19 pounds per gallon 
range are in common use with today’s 
deeper drilling, and present a com- 
plex problem in their design and con- 
trol. Muds in this weight range must 
remain fluid with minimum viscosity 
to allow removal of entrained gas. 

In preparing a weighted mud, 
barium sulphate, with a specific grav- 
ity of 4.3, is added to a prepared 
base mud, or to a base mud already 
in use in the drilling operation, and 
usually containing low specific grav- 
ity suspending material. As the 
weighting material is added for in- 
creased fluid density, the total effec- 
tive volume percentage of solids in- 
creases. Dependent upon the effective 
per cent volume of low specific grav- 
ity material originally in the base 
mud, the amount of barite addition 
is, therefore, limited by resultant vis- 
cosity and gel strength. The same ef- 
fect is realized when a weighted mud 
with satisfactory viscosity and gel 
strength properties is in use in drill- 
ing formations that add to the low 
specific gravity concentration; vis- 
cosity and gel strength increases 
would be expected. 


Considering practical operatins 
limits of viscosity and gelation, as 
weight requirement for a specific mid 
increases, or addition of low specitic 
gravity solids occurs through drill- 
ing, the effective volume percentaze 
of low specific gravity suspending 
material must be reduced. This may 
be done (1) by dilution and addi- 
tion of barite; (2) by dehydrating 
the low specific gravity particles, or 
(3) by employing a higher specific 
gravity solution = beth 


Figure 1 is a hypothetical repre- 
sentation of the viscosity-weight re- 
lationship of weighted muds showing 
the governing limitations and con- 
trol approach. The line AB repre- 
sents a hydrated or semi-hydrated 
clay added to fresh water as a su- 
spending agent for the addition of 
barite along line B to C. The point 
C represents a mud designed for a 
required weight at operating viscos- 
ity. As low specific gravity solids are 
incorporated in the weighted mud 
along CD through drilling progress. 
the tendency of the mud is to slightly 
increase in weight and to increase in 
viscosity until the maximum allow- 
able viscosity for release of entrained 
gas or fluid pumpability is reached 
at D. To control the viscosity below 
the maximum allowable, this mud 
may be diluted with fresh water to 
reduce the percentage of low specific 
solids with addition of barytes, if 





WEIGHTED MUD 
FIG. | 


WEIGHT - VISCOSITY RELATIONSHIP 


VISCOSITY-PERCENTAGE OF SOLIDS 
RELATIONSHIP-FRESH WATER 
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Thirteen factory-owned parts stocks, 
serving the United States and Canada, 
\- and three foreign parts stocks, assure 
good service to owners of “Cardwell” 
equipment in all active oil producing 
d areas. Good parts stocks combined with 
high-quality “Cardwell” equipment 
if means less down time and a more profit- 
able operation. 


a “Cardwell” sales representatives are 
located in all active areas to assist you 
4 with your new equipment problems. 
These men are familiar with the drilling 
and servicing problems in their terri- 
tories and this knowledge and experi- 
ence will save you valuable time and 
money. Call on them for your drilling 
and servicing equipment requirements. 




























“CARDWELL” SALES REPRESENTATIVES 


Leo S. Case, 3504 Atlantic Avenue, Phone 4-8631, Long Beach, Calif. 

H. L. Dewees, c/o Midwest Equipment Co., Phone 3-312, Odessa, Texas. 

O. C. Helvey, 1339 Ockley Drive, Phone 7-7690, Shreveport, La. 

Cecil O. Hilliard, 6416 Westchester, Phones M6-3416 and W3-5565, 
Houston, Texas. 

E. R. Jukes, 3524 Washington Avenue, Phone 2-8782, Evansville, Ind. 

H. F. Ryan, 204 Elliott Bldg., Phone 3-2531, Tulsa, Okla. 

Charles Spitzfaden, 801 South Wichita, Phone 7-3311, Wichita, Kansas. 

Al Toben, 1350 Fillmore Street, Phone Florida 0376, Denver, Colo. 

Len Walker, 622 24th Avenue N. W., Phone H-1554, Calgary, Alta., Canada. 


EXPORT DIVISION 


Arthur Harvey, Mgr., 570 Lexington Ave., Phone Plaza 5-9325, New York City. 
Srecko Kajfez, European Representative, Contact through New York Office. 
N. J. Tobey" Cantwell, South American Representative. 
c/o Oficina Tecnica Stubbins, Caracas, Ven. 
Brander & Cia, Tacuari 336, Buenos Aires, Argentina, S. A. 
Geveke & Co's Technisch Bureau, N. V. de Ruyterkade 113, Amsterdam, 
Holland. 
Geveke & Co’s Technisch Bureau, N. V. 4 Embong Woenggoe, 
Surabaya, Java, Ind. 
Geveke & Co's Technisch Bureau, N. V. 2 Kali Besar West, Batavia, Java, Ind. 
Neal & Massy Engr. Co., Ltd., 61 and 63 Edward Street, Port-of-Spain, 
Trinidad, B.W.lI. 


“CARDWELL” PARTS STOCK STORES 


Apex Equipment Co., 3504 Atlantic Ave., Phone 4-7996, Long Beach, Calif. 

Apex Equipment Co., Rosedale Highway, Phone 3-4186, Bakersfield, Calif. 

Atlas Supply Co., 1314 Mission, Phone 3-4791, Mt. Pleasant, Mich. 

Bearing & Transmission Co., 214 North Market, Phone 3-0501, Shreveport, La. 

Midwest Equipment Co., Bex 3047, Phone 3-312, Odessa, Texas. 

Northwest Industries, Ltd., Municipal Airport, Phone 2-7141, Edmonton, 
Alta., Canada. 

Power Service & Equipment Co., 6034 Long Drive, Phone Wydown 9-4681, 
Houston, Texas. 

Scranton Machine Shop, 926 South Main, Phone 312, Great Bend, Kansas. 

Specialties Warehouse, 1703 N. Port, Phone 3-4489, Corpus Christi, Texas. 

E. F. Voerster, 910 S. E. 29th, Phone 62-2482, Oklahoma City, Okla. 

W. L. Widick Company, 306 North Virginia, Phone 390, McLeansboro, Ill. \ 

Western Oil Tool Company, Box 260, Phone 1306, Casper, Wyo. ; 


““CARDWELL’”’ FOREIGN PARTS STOCK DEALERS 

Oficina Tecnica Stubbins, C. A. Puerto LaCruz and Maracaibo, Venezuela. 

Neal & Massy Engr. Co., Ltd., 61 and 63 Edward Street, Port-of-Spain, 
Trinidad, B.W.1. 
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VISCOSITY GEL STRENGTH REDUCTION 
NATIVE FRESH WATER MUD 











FILTER LOSS REDUCTION 
NATIVE FRESH WATER MUD 































































































BARRELS OF TREATING CHEMICAL 25 LBS. NAOH 
50 LBS. QUEBRACHO PER. BBL.PER. 1000 BBL. MUD 
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EFFECT OF LOW CALCIUM ION CONCENTRATION 
ON MUD CHARACTERISTICS 


FILTER LOSS REDUCTION 
STARCH IN SATURATED SALT WATER MUD 
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necessary, to maintain the required 
weight. A second control method 
would be the chemical dehydration of 
the base clay AB or any hydrated 
clay added through drilling, CD, with 
the yield of these low specific grav- 
ity materials depressed to assume the 
position AE, which, together with 
the assistance of the high specific 
eravity weighting material along EF, 
would provide a reduced viscosity 
mud at the required weight at F. The 
third design or control method would 
be the use of a higher specific gravity 
liquid phase, such as saturated salt 
water. In this case the dehydrated 
base clay would assume the position 
of A‘E’ when mixed with the higher 
specific gravity liquid phase, and 
with the further addition of barytes 
along E‘F’ a mud would be provided 
with the required weight of a low 
viscosity. 

Considering the limitation of vis- 
cosity, it may be noted that much 
higher weight muds may be prepared 
, and controlled through the latter two 
design methods. The high weight 
muds in use today, vis., muds in the 
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range of 15 to 19 lb per gallon, are 
mostly of these types. 


Control of highly weighted muds 
generally involves the matter of cir- 
culation loss where the mud weight 
must be controlled between the max- 
imum permitted breakdown weight 
and the minimum required to over- 
come the formation pressures at hand. 
This condition generally places the 
weight at a fixed value with very lit- 
tle control tolerance. An understand- 
ing of the viscosity-weight relation- 
ship of weighted muds is particularly 
important in the design and control 
of such critical cases. 


Viscosity and Gelation Control 


Proper transportation of cuttings 
depends on the “carrying power” of 
the drilling mud to lift bit cuttings to 
the surface and yet allow the finer 
cuttings, not removed by the shale 
shaker, to settle in the surface pits. 
Viscosity and gelation control are re- 
lated to the mechanical drilling op- 
erations where annular velocity, drill- 
ing rate, and mechanical hole erosion 
must be considered. 


¥e 
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Because of its great ability to swell 
in water, bentonite has been the most 
widely used viscosity builder. Where 
viscosity is required in the design or 
control of a fresh water drilling mud, 
the high yield (expressed as the bar- 
rels of 15 centipoise mud per ton of 
clay) of Wyoming bentonite makes 
the material particularly adaptable 
for this purpose (Fig. 2). Other spe- 
cial clays have been developed and 
are in use for providing viscosity 
and gel strength in saline solutions. 

Generally, improvement of flow 
characteristics through reduction of 
viscosity and gel strengths in fresh 
water-bentonite muds commands 
greater attention than increasing 
these values. Increases in viscosity 
and gel strengths due to hydration of 
clays from bit cuttings and hole ero- 
sion caused by drill pipe movement 
are common problems. Use of water. 
tanstuff and the polyphosphates to 
reduce viscosity and gel strength are 
control methods in common use. Fig. 
3 show the action of a chemical thin- 
ner on a typical native fresh water 
bentonite mud. 


ed 





an 















To assure uniform hardness, straightness 
and concentricity, @ Drill Collars, forged 
from chrome nickel alloy steel, are — 
@ overall hardened by vertical quenching to assure 
straightness and freedom from distortion strains; 
e bored from one end only to avoid offsets in the bore; 
@ finish turned on the outside concentrically with the bored hole. 


Connections on drill collars are furnished to customer’s specifications. 
Popular size Drill Collars are carried in stock for immediate delivery, 


and other lengths, up to 55 feet, can be supplied on special order. 


Cuicaco Pneumatic 
TOOL COMPANY | 


MANUFACTURED AT FRANKLIN, PA. 
GENERAL & EXPORT OFFICES: 6 EAST 44th STREET,. NEW YORK 17, N. Y. 


Oil Tool Sales Office: One N. W. 16th Street, Oklahoma City, Oklahoma 
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CHACTERISTICS OF LIME CONVERTED MUD 
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Control of Filtration Properties 


he factor of water wettable shales 
involves control over the filtration 
properties, and development has de- 
pended upon the application of 
knowledge on colloidal suspensions. 
lo minimize the filtration rate of a 
lrilling mud requires consideration 
as to the type of colloidal material, 
colloidal particle size distribution, 
the degree of dispersion and the con- 
centration of the colloid used. Com- 
mon sources of colloidal particles 
re from clays, bentonites, starch, 
and other organic colloids. 

One method of control involves 

use of chemical mud _ thinners FIG. 8-A. High filter loss wall cake. 

uch as some of the tannin compounds 
und complex phosphates. They have : ; . 
been very effective in reducing the FIG. 9. Lost circulation materials. 
viscosity and gel strengths of muds 
to permit much higher concentration 
f colloidal particles for a given vis- 
cosity, and in controlling flow char- 
icteristics and filter loss in fresh 
yvater, bentonite type muds. Figure 
|) illustrates the effect of concen- 
rating colloidal particles through 
the thinning action of caustic soda- 
ruebracho and addition of bentonite 
n water loss reduction of a fresh 


, a. Fibrous material. b. Cellophane foil. 
vater native mud. 


The colloidal particles supplied by 
bentonite and other clays are chem- FIG. 10. Mud balance. 

ally active, and their behavior is 
nfluenced by chemical contamina- 
tion; the multivalent cations have 
severest effect. The basis of chemical 
control of contaminants affecting 
viscosity, gel strength, and filter loss 
haracteristics involves reactions 
where the multivalent cations are con- 
verted into an insoluble form and re- 
placed by a single valent cation, gen- 
erally sodium. This type treatment 
will minimize the flocculating forces 
and render the mud more fluid with 
1 given concentration of colloidal 
particles. Fig. 5 depicts the effect of 
low calcium ion concentration on 
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TANNATHIN is just what the ‘‘mud doc- 
tor’’ ordered for an all-purpose mud treat- 
ing chemical to simplify treating problems 
and lower mud costs. 

TANNATHIN, a multi-purpose condi- 
tioner, is a powerful dispersing agent for 
lowering viscosity and gel strength... for 
improving wall building properties .. . for 

‘acting as a protective colloid which protects 
“mud against contamination encountered 
‘during drilling. 
~ TANNATHIN is easy to use. . . just mix 

“with water. TANNATHIN is low in cost. . . 
“approximately one-half the cost of other 
complex or organic compounds. Ask your 
eae engineer about TANNATHIN. 
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DRILLING MUD SERVICE 


DEALER Ssmes 





Look for this ségu WHEN YOU NEED MUD 


MAGCOBAR % MAGCOGEL e HIGH YIELD DRILLING . 
MUD @ XACT CLAY @ FIBER-SEAL @ MAGCO-MICA @ 
TANNATHIN @ JEL-OIL MUD @ JEL-OIL “E” @ SALT GEL 


@ NOHEEV @ SEAL FLAKES @ MY-LO-JEL @® CHEMICALS 











mud characteristics and the restora- 
tion of desirable properties by re- 
moval of the calcium ion through 
precipitation. It is not the intent of 
these curves to cover the range. of 
contaminate concentration and treat- 
ment, but rather to illustrate the ef- 
fect of the presence of the multiva- 
lent cation calcium, in low concentra- 
tions, on mud properties. Control of 
uch contamination can be effected 
yy the use of sodium bicarbonate in 
the case of cement, by the use of 


S 
1 
} 
| 
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FIG. 12. Stormer viscosimeter. 


FIG. 11. Marsh 
funnel viscosimeter. 


sodium carbonate or barium car- 
bonate for anhydrite. Regarding the 
latter, use of soda ash is limited by 
the concentration of sodium sulphate 
formed by the reaction, which can, 
in high concentrations, prove detri- 
mental to most muds. Heavy anhyd- 
rite contamination is treated very 
effectively with barium carbonate, 
which removes calcium sulphate in 
its entirety. 

More recently, attention has been 
given to special types of colloidal 
materials for control of mud filtra- 
tion properties. It has been found 
that extremely low filter loss control 
depends upon maintaining a percent- 
age of the colloidal material in the 
lower size range, and that a pliable 
type particle is desirable. The starch 
particle has been used effectively for 
this purpose and has afforded a 
means of producing extremely low 
filter rates. A sterile condition must 
be provided through use of bacteri- 
cides, high salinity or high alkalinity. 
Starch is also extremely useful in 
that it is unaffected by high chem- 
ical concentrations. As a result, low 
filter loss muds can be produced un- 
der conditions of saturated salt (Fig. 
6). The synthetic product, sodium 


carboxy-methyl cellulose, has sim. 
ilar characteristics and is finding a). 
plication along the same line. In many 
applications this cellulose derivative 
has an even greater weight efficiency 
than commercially prepared starch 
in water loss reduction, and in addi- 
tion presents very little fermentation 
hazard. These advantages are to some 
extent offset, however, by a higher 
price per unit weight. 

Chemically dehydrating the clay 
particle in a conventional water-clay 
mud by the use of slacked lime alloys 
the preparation of a very stable mud 
having a wide application. In con- 
verting to a mud of this type, caustic 
soda and quebracho along with any 
necessary water dilution, is usually 
employed to assist in raising the al- 
kalinity and to control viscosity and 
gel strength increases. The magni- 
tude of viscosity increase during the 
dehydration process depends main- 
ly on the concentration of hydrated 
clays in the original mud. Starch is 
used to reduce filter loss and the re- 
sulting mud is a very stable composi- 
tion of starch and non-hydrated solids 
in a calcium saturated high pH solu- 
tion. Such muds are particularly 
adaptable where high weights are re- 
quired, are not affected adversely by 
chemical contamination, and through 
proper maintenance are very stable 
in regard to weight, viscosity and gel 


FIG. 13. Low pressure filter press. 
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THE “K” SWAB CUP 


“K" Tubing Swab °K" Tubing Swab “°K"" Tubing Swab Flexibility combined with great strength is the 


With “K"’ Cups With ““J"* Cups With ‘‘J"’ and 


rin “secret” of the exceptional effectiveness of all 


Guiberson swab cups. The cup lip relaxes going in the 
* The Type “K” Tubing Swab with “K” well, is relieved of wall contact and drops freely. The 
cups will handle 90% of all tubing swab- cup expands under pressure of the fluid column when 
bing. Quickly accessible for fast, easy the swab is started up the hole, to pull the maximum 
dressing. load every trip. 

: Using the wenn K” frame, gone 2 Nominal sizes: 114”, 2”, 214", 3”, 312", and 4”. 

cups, this versatile assembly will unloa Get them from your favorite supply store. 

the deepest and wettest wells. A heavy 


duty assembly, not meant for light loads. ° 
* Dressed with one “J” cup and one “K” Every Suwabling Need IN 
cup, the “K” swab will not only lift a very TUBING CAN BE MET WITH ONE OF 


heavy load, but will pick up the last cupful THESE THREE ‘’K’’ ASSEMBLIES 
of fluid at the lowest level. 


GUIBERSON megane 


FIELD SUPPLY STORES 
EVERYWHERE 
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strength. Fig. 7 illustrates the change 
in mud characteristics for a lime con- 
verted mud. 

A factor related to mud quality and 
filtration properties of a drilling fluid 
is the thickness of the filter cake de- 
posited on the wall of the hole. This 
filter cake is usually proportional to 
the filter loss for a given mud.: Figure 
8 and 8A are visual representations 
comparing the effective diameter of 
a hole in sand in which a low filter 
loss mud has been circulated, and 
one in which high filter loss mud has 
been circulated. The high filter loss 
mud reduced the 85-in. diameter to 
65¢-in. and illustrates the importance 


of minimizing cake thickness from 
the standpoint of sticking drill pipe 
and testing tools. 

Where formation porosity and per- 
meability are great enough to permit 
a partial or complete loss of drilling 
mud to the formation, bridging and 
plugging materials of a fibrous or 
flaky nature are incorporated in the 
mud. Fig. 9 illustrates the plugging 
action of mud ladened with several 
such materials. 


Other Items of Control 
Protection of permeability in res- 
ervoir zones may be related to the 
chemical composition of a mud and 

















= ~as that make Acme Jars a “preference” tool, 
Type Welded based on hole-footage cost. 
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Cable Tools 


TRUSTWORTHY | 
__ SINCE 1900 


Figured by the Foot 
of Hole Drilled... 
Acme’s Cost Less 


And that makes our Rein Type Welded Jars 
your more profitable, trustworthy buy .. . 


Why so: Acme’s Jar and Capping Steel specifi- 
cations are so very rigid—allowing only a 
5-point range (never the mills’ usual 10) that 
we pay EXTRA. Premium grade steel, there- 
fore, assures you greater protection—down 


Every forging’s uniformity electrically CON- 
TROLLED . . . automatically shutting-off at EX- 
ACT proven CORRECT point. 
possible . . . Such vigilance is an Acme MUST 
—from engineering to final inspection. 


Yes, it's their EXTRA inner-qualities . . . horn 
of a 49-years specialized experience backlog, 
and carried on by “Old School” Jar-makers, 
who strive for minute detail perfection . . . ” 














More of EVERYTHING | 
You Need in an 
Acme String... 
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See Acme's latest Catalog and 
Menval in Composite Catalog 
(Vol. 1). Or mail penny postal 
TODAY for your copy... 
chock-full of valuable informa- 
tion for every Cable Driller. 








See other Acme Drilling Tools in 


+ « « for more of 
EVERYTHING you need in a 
Trustworthy String. 


panel (right) 


>. 
= A—Wire Line Clamp, 12” 
B—Prosser Swivel Socket 
C—Drilling Jar 
D—Drilling Stem 
E—Bailer 
F—Drilling Bit 
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Acme Fishing Tool Co. | 


PARKERSBURG, W. VA. re 
Export Office: 19 Rector St., New York 6, N. Yo~ ~ 
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may be a factor in initial production 
rates. This thought had led to the use 
of extremely low filtrate fresh water 
muds, oil base muds and oil emulsioi 
muds for well completion. Use of 
limed or salt water muds, or muds so 
treated that the filtrate would dupli- 
cate the chemical composition of for- 
mation interstitial water, are being 
tried. 

Abrasive and corrosive action of 
drilling fluids are of sufficient impor- 
tance to be controlled. Gel strength 
reduction through chemical treatment 
permits the dropping of . abrasive 
sand cuttings in surface settling 
ditches and tanks. Sodium chromate 
and sodium nitrate are being used for 
retarding the corrosive effect of some 
drilling muds on drill pipe. A main- 
tained concentration of 2000 ppm of 
either of these salts in the drilling 
mud has been found adequate to ar- 
rest any observable corrosion. 

Interpretation of electric logging 
data is influenced by the effect of the 
chemicals in the mud upon the re- 
sistivity of the mud. It is most ad- 
vantageous for sake of correlative 
interpretation of electric log data for 
mud resistivity to be within a suitable 
range. 


Control Instruments 


As the drilling mud engineer rec- 
ognized the importance of drilling 
mud design and control to the com- 
plete operation, he developed instru- 
ments for measuring these proper- 
ties to better prepare a basis for an- 
alytical study. The mud hydrometer 
or balance was devised for density 
measurements; the Marsh funnel and 
Stormer viscosimeter are used for 
viscosity and gel strength measure- 
ments ; the Baroid low and high pres- 
sure filter press units were designed 
for evaluating filter loss and filter 
cake properties; a sand test kit was 
designed for measurement of amount 
of abrasive material; filtration an- 
alysis and alkalinity measurements 
are used for proper diagnosis and 
maintenance work (Figs. 11-13). 


Conclusion 


Mud test information from col- 
lected data at the well, including pilot 
testing, augmented with past experi- 
ence, enable the chemical and petro- 
leum engineer to design and control 
a drilling mud system for maximum 
operating efficiency. Collectively, the 
chemical and drilling engineer have 
contributed the greatest effort toward 
the development of present day drill- 
ing fluids, and are looked to for con- 


tinued improvement towards the re- : 


duction of drilling hazards and costs. 
| ka 
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Job in progress 
Float assembly 
ejected from float 
shoe and bottom 
plug about to pass 
through float shoe. 


TOP PLUG WITH BACK PRESSURE vatve-—t 


BOTTOM PLUG B 





\ 


° 5 
oa re ae a: 


e.ee 
APOIO 























Job completed. Top 
plug latched, and 
back pressure valve 
seated, in stall col- 
lar. Bottom plug 
ejected. 


BACE PRESSURE VALVE SEATED 4 
































The model “E’’ cement head provides for dropping of 
trip ball and cementing plugs by simple external 
mechanical means, the minimum of shut down time. 


Numerous jobs have proved 
advancements which make 
these basic principles of the 
‘Rector ‘‘Fulbore’’ Cementing 
Method more effective than 
ever in obtaining efficient 
cement jobs: 


Full casing displacement 
for cement 


Elimination of air in 
cementing flow circuit 


Cement spaced from fluid 
by two plug method 


Positive flow back con- 
trol by piston type back 
pressure valve. 


Head provides a closed circuit and shut in control at 


all times. 


FULL CASING DISPLACEMENT FOR 


CEMENT. ‘The first of the two plugs used 
is dropped with the top of the mud column, 
clearing the casing of mud, segregating the 
mud and cement, and prevents slurry from 
becoming contaminated. 


ELIMINATION OF AIR IN CEMENT 
FLOW CIRCUIT. The cement head is 
never opened from the time cementing 
operations begin until they are completed. 
It is impossible for air pockets to form in 
either mud or cement column. Trip ball 
and plugs are placed in the head before it 
is made up on the casing string. 


CEMENT SEPARATED FROM FLUID 
BY TWO PLUGS. The first plug is 
released as soon as the correct volume of 
properly conditioned mud has been pumped 
in the well. When the proper amount of 


cement has been pumped in, the top plug 
with back pressure valve, is released and 
travels down with the cement until reach- 
ing and latching in the stall collar. 


POSITIVE FLOW-BACK CONTROL. 


When the top plug with back pressure valve 
latches in the stall collar it prevents flow- 
back of cement. Operator may bleed the ° 
pressure back to zero and leave the well 
open, or close it in at final running pressure. 


IMPROVED EQUIPMENT. The efficient 


operation of the ‘‘Fulbore’’ Method is 
assured by the improved cementing head, 
plugs, back pressure valve, float shoe and 
stall collar. For complete details of this 
cementing method and equipment, write for 
Bulletin No. 4-A,, “‘Fulbore’ Cementing 
Method and Equipment.” 
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Regulations Covering Drilling 
Activities in Coastal Waters 


R. G. WATTS* 


Abstract 


Because of -the increasing number 
of wells being drilled in the coastal 
waters of the United States, especially 
in the Gulf of Mexico, it is most impor- 
tant that the companies who are con- 
ducting drilling operations in those 
areas become familiar with the regula- 
tions that govern these activities. In 
the ever-increasing tide of regulations, 
the oil industry is constantly becom- 
ing more involved. Heretofore on land 
operations we have been chiefly con- 
cerned with state and local regula- 
tions; but, when we move into nav- 
igable waters off our coast, we are 
immediately faced with new rules and 
governing agencies which in the past 
were alien to our operations. It is 
under these regulations that the oil in- 
dustry must learn to operate in off- 
shore and coastal drilling. 


Permits 


Tue story has been told, in numerous 
professional papers and trade periodi- 
cals, of geophysical operation in the 
open waters of the Gulf of Mexico 
which results in the finding of geolog- 
ical structures conducive to the accu- 
mulation of oil; but, before an explo- 
ration crew can even leave the docks, 
there is first the matter of geophysical 
permits. These permits have proved of 
value not only to the state and federal 
government, but have been a protec- 
tion to the operator as well. 


The state of Louisiana requires 
three permits before exploration may 
be begun. In order to protect the 
marine life that abounds in gulf 
waters, the Department of Wild Life 
and Fisheries demands a permit for 
operating companies for the detona- 
tion of suspended charges up to 50 lb 
in the case of seismic surveying oper- 
ations. Special dispensation is neces- 
sary for the use of larger charges, and 
the granting of this is left to the dis- 
cretion of the department. It is neces- 
sary to show in the application, which 
™ *Magnolia Petroleum Company, Dallas, 
oo before annual meeting, American 


Petroleum Institute, Chicago, Illinois, Novem- 
ber 8-11, 1948 
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must be made in triplicate, a map 
showing in detail the area that is to 4e 
explored. This permit is limited to 
four months, but can be renewed in- 
definitely upon subsequent request. It 
takes approximately 10 days to 2 
weeks to obtain this permit, as well as 
each of the other necessary permits. 


The second permit required by the 
state of Louisiana is that demanded by 
the State Mineral Board. This permit 
is good for a 6 months’ period, but 
may be renewed for 2 additional 90- 
day periods by letter—a recent inno- 
vation as well as a convenient one. In 
the case of seismic work, if the explo- 
ration over the 700 square miles is in- 
complete at the end of this 12 months’ 
period, the permit may be re-applied 


for on the conventional form. In the 


event the exploration is conducted 
over acreage already under lease to 
an operator other than the one con- 
ducting the survey, a certification of 
assent from the lessee must be in- 
cluded with the application. The state 
of Louisiana, as well as the U. S. De- 
partment of Army Engineers, also re- 
quires a police jury permit from the 
parish whose shore line is contiguous 
to the open water on which the survey 
is to take place. 


The U. S. Coast Guard is likewise 
interested in marine operations; hence 
notice of the proposed survey must 
also be submitted to this agency. Boats 
used by the surveyor must conform to 
Coast Guard regulations and, further, 
any equipment or mechanism involv- 
ing the use of explosives must conform 
to its specifications. Positions of buoys 
must be submitted to the Coast Guard 
at regular intervals. 


When the described permits have 
been secured; and, when the state, the 
U. S. Engineers, and the Coast Guard 
have been notified of the proposed 
starting date, the exploration crew can 
begin its operations; but, before prep- 
arations for drilling can be started, 
there are several regulatory bodies 
that must be consulted. Some of these 
require permits before work is com- 
menced. 


First it is necessary to secure per- 


mission from the county or parish 
authorities to conduct operations 
within their boundaries or within the 
area over which they have jurisdic- 
tion, in the same manner as when geo- 
physical work is proposed. Second, a 
permit from the state oil-and-gas reg- 
ulatory body is required, the same as 
is required for land operations. 


Third, inasmuch as operations are 
planned in navigable waters, we are 
obliged to come under the cognizance 
of the “laws for the protection and 
preservation of the navigable waters 
of the United States,” known as the 
river-and-harbor act, which was 
passed by Congress, March 3, 1899. 
Sect. 10 of this act reads: 


“That the creation of any obstruc- 
tion not affirmatively authorized by 
Congress, to the navigable capacity of 
any of the waters of the United States, 
is hereby prohibited; and it shall not 
be lawful to build or commence the 
building of any wharf, pier, dolphin, 
boom, weir, break water, bulkhead, 
jetty, or other structures in any port, 
roadstead, haven, harbor, canal, nav- 
igable river, or other water of the 
United States, outside established har- 
bor lines, or where no harbor lines 
have been established, except on plans 
recommended by the Chief of Engi- 
neers and authorized by the Secretary 
of War; and it shall not be lawful to 
excavate or fill, or in any manner to 
alter or modify the course, location, 
condition, or capacity of any port, 
roadstead, haven, harbor, canal, lake, 
harbor of refuge, or inclosure within 
the limits of any break water, or of the 
channel of any navigable water of the 
United States, unless the work has 
been recommended by the Chief of 
Engineers and authorized by the Sec- 
retary of War prior to beginning the 
same (30 Stat. 1151; 33 U. S. C. 
403) .” 


This authorization is usually 
granted in the form of a permit. It is 
understood in all cases that this per- 
mit or instrument does not give any 
property rights, either in real estate or 
material, or any exclusive privileges; 
and that it does not authorize any in- 
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FLEXFLO 
Expansible tube type 
valve for cold fluid serv- 
ices, handles oil, water, 
solutions, gases and air. 
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jury to private property or invasion 
of private rights or any infringement 
of federal, state, or local laws or reg- 
ulations. Also it does not obviate the 
necessity of obtaining state assent to 
the work that is authorized. The per- 
mit or instrument merely expresses the 
assent of the federal government in the 
concern of the public rights of naviga- 
tion (see Cummings v. Chicago, 188 
U.S. 410). 


Instructions 


Detailed instructions for mailing 
application to the U. S. War Depart- 
ment may be obtained from any dis- 
trict or division U. S. Engineer’s office 
or the U. S. Government Printing 
Office in Washington, D. C. These in- 
structions are entitled: “Information 
Circular: application for authority to 
execute work or erect structures in the 
navigable waters of the United States, 
1939.” 

The application consists of a letter 
requesting the permit, accompanied 
by maps and plans of the proposed 
work. The letter of application may be 
addressed to the Secretary of War, but 
it will receive equal attention if it is 
addressed to the district engineer in 
charge of the locality in which the 
work is to take place. Such officers 
have general authority to issue per- 
mits for certain types of work, or they 
will forward to proper authorities the 
applications for permits on which they 
themselves cannot take final action. 
No printed application form: is neces- 
sary. The letter of application, how- 
ever, should bear the address of the 





To Aid British Oil Search 


ECA has approved a British 
proposal whereby U. S. funds 
and techniques will be used to 
expedite a search for oil and 
other minerals in British co- 
lonial areas in Africa, South- 
east Asia, and British Guiana. 
The U. S. Geological Survey is 
to recruit a party to serve with 
British Colonial Survey. 











applicant, together with the date, and 
contain the name of waterway, loca- 
tion, and description of the work, as 
well as a statement as to whether the 
work is within the corporate limits of 
a municipality. The description of the 
location must also include the name of 
the nearest well-known locality, pref- 
erably a city or town, and the distance 
and direction in miles and in tenths of 
miles from that location. The letter of 
application should give an explanation 
of the plans, so that the U. S. War De- 
partment officials may determine ex- 
actly what is proposed and can deter- 
mine that the structure is not likely to 
fail or become a danger or obstruction 
to navigation or otherwise injure the 
navigable capacity of any public nav- 
igable waters. If dredging or dumping 
is proposed, the application should 
give the exact location of the work, 
the depth to which the proposed 
dredging is to be carried, the approxi- 
mate amount of the material to be re- 
moved, and the definite location where 
the dredged material is to be dumped, 
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as well as the depth of water that is to 
be left over it. Where dredging or 
dumping is proposed in connection 
with other work, a separate applica- 
tion for dredging is not required, but 
the information specified previously 
herein should be included in the ap. 
plication. Applications for dredging 
only may, if desired, be submitted by 
the dredging contractor who is to do 
the work. 


The district engineer is required to 
notify the municipal authorities of any 
application for proposed work that is 
within the corporate limits of a munic- 
ipality. To save time and correspond- 
ence, every application for a permit 
should give the city or town within 
which the work is to take place, or it 
should definitely state that it lies out- 
side of the limits of any city or incor- 
porated town, unless such facts are 
clearly shown by maps and descrip- 
tions. 


Letter of Application 


The letter of application, and the 
attached papers and maps, should be 
complete, without reference to other 
correspondence not attached. It should 
include any special authorization for 
the work that is prerequisite to the 
action of the department. as, for ex- 
ample, a copy of the state permit for 
the work if the laws of the state in 
which the work is to take place require 
obtaining such instruments. The letter 
of application must also be signed by 
the owner or proprietor who proposes 
the work or by his duly authorized 
agent, and not by the contractor that 
is to be employed for the task—except 
in the case of applications for dredg- 
ing permits. Letters of application 
should be made in triplicate, and 
signed copies and all attached papers 
should also be furnished in triplicate, 
whether the original or photostat copy. 
It usually requires about three weeks 
to obtain a permit after an application 
has been filed. These are issued under 
the following conditions: 


a. That the work shall be subject to 
the supervision and approval of the 
district engineer, engineer department 
at large, in charge of the locality, who 
may temporaily suspend the work at 
any time if, in his judgment, the inter- 
ests of navigation so require. 

b. That any material dredged in 
the prosecution of the work therein 
authorized shall be removed evenly; 
and that no large refuse piles, ridges 
across the bed of the waterway, oF 
deep holes that may have a tendency 
to cause injury to navigable channels 
or to the banks of the waterway shall 
be left. If any pipe, wire, or cable 
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LEXIBILITY p2us/ 


ONLY THE o-¢-T C-19 
MEETS EVERY TION CONDITION 


WITH A SINGLE COMPACT MODEL 


U 
S THESE OTHER 0O-C-T FEATURES 


| Load capacit i 
i Y twice as great as co ° ‘ 
, swing full weight of longest strings pina oS Saye: will 0 | . 
: “ C E N T E R 


WELL COMPLE 









7 SET iT LIKE THIS 
( | The 0-C-T “C-19" Casing Hanger is the only slip 

type hanger that can be wrapped around the casing 
and seated through the preventers to form automatically a per- 
manent seal between strings before the preventers are unflanged. 





OR SET IT LIKE THIS L 
It pipe sticks, a collar is located in the blowout preventers,or 
enters may be picked up in the 


rams freeze partly open, the prev 
conventional manner and the C-19 hanger wrapped around the 
AVAILABLE IN TWO MODELS... WITH OR 


pipe and seated in the head to give a permanent seal in a fraction 
of the time required by @ conventional hanger. WITHOUT LOCK SCREWS. 




















g ° 
’ 
Sealin element slip bowl and slips are assembled as a sin le unit 
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3 (Sli 
ips set evenly—heavy keys align slips so tops are level 
TOOL ¢€ 
OMPANY 


Slips bite evenl —tooth pr t ts unifor m fro Pp ° 
e seal s automatic when casing w eight 1s applied. No manual work 


* Saves valuable rig time, 













required. P. 0. BO 
Seal requires no field welding. ae palate HOUSTON, TEXAS 


Hazardous installati , 
wibtns te aie — work in muddy and cramped cellar space 


Pere CASING HEAD GIVES YOU 
LEXIBILITY AND SAFETY 








thereby authorized is laid in a trench, 
the formation of permanent ridges 
across the bed of the waterway shall 
be avoided, and the back-filling shall 
be done so as not to increase the cost 
of future dredging for navigation. Any 
material to be deposited or dum 

under this authorization, either in the 
waterway or on shore above the high- 
water mark, shall be deposited or 
dumped at the locality shown on the 
drawing thereto attached; and, if so 
prescribed thereon, within or behind a 
sood and substantial bulkhead or 
bulkheads such as will prevent escape 
of the material into the waterway. - 

c. That there shall be no unreason- 
able interference with navigation by 
the work therein authorized. 

d. That, if inspections or any other 
operations by the United States are 
necessary in the interests of naviga- 
tion, all expenses connected therewith 
shall be borne by the permittee. 

e. That no attempt shall be made by 
the permittee or the owner to forbid 
the full and free use by the public of 
all navigable waters at or adjacent to 
the work or structure. 

f. That, if future operations by the 
United States require an alteration in 
the position of the structure or work 


therein authorized, or if, in the opin- 





ion of the Secretary of War, it shall 
cause unreasonable obstruction to the 
free navigation of said water, the 
owner will be required, upon due 
notice from the Sercetary of War, to 
remove or alter the structural work or 
obstructions caused thereby without 
expense to the United States, so as to 
render navigation reasonably free, 
easy, and unobstructed; and if, upon 
expiration or revocation of this per- 
mit, the structure, fill excavation, or 
other modification of the water course 
thereby authorized shall not be com- 
pleted, the owners shall, without ex- 
pense to the United States, and to such 
extent and in such time and manner as 
the Secretary of War may require, re- 
move all or any portion of the uncom- 
pleted structure or fill and restore to 
its former condition the navigable 
capacity of the water course. No claim 
shall be made against the United 
States on account of any such removal 
or alteration. 

g. That the United States shall in no 
case be liable for any damage or in- 
jury to the structure or work therein 
authorized which may be caused by or 
result from future operations under- 
taken by the government for the con- 
servation or improvement of naviga- 
tion, or for other purposes; and no 





claim or right to compensation sliall 
accrue for any such damage. 

h. That, if the display of lights «nd 
signals on any work thereby author- 
ized is not otherwise provided for by 
law, such lights and signals as may be 
prescribed by the U. S. Coast Guard 
shall be installed and maintained by 
and at the expense of the owner. 

i. That the permittee shall notify 
the said district engineer at what time 
the work will be commenced, and as 
far in advance of the time of com- 
mencement as the said district engi- 
neer may specify; and shall also notify 
him promptly, in writing, of the com- 
mencement of work, suspension of 
work, i.e., if for a period of more than 
one week, resumption of work, and its 
completion. 

j. That, if the structure or work 
therein authorized is not completed on 
or before a certain prescribed date, 
usually about three years, this permit, 
if not previously revoked or specif. 
ically extended, shall cease and be null 
and void. 

k. That, in order to insure removal 
of the structures therein authorized at 
any time that they may become ob- 
structive to navigation, or after they 
have ceased to be used for the purpose 
for which they are constructed, the 












y) 


/ o 
f 


\ 


/ 














Ly. 
—— 


é 
, 
ZG 
ZS 
ie oS 
e 





Sd 


2 
2 
? 






‘+, BB 


= 
o ¢ 
s 

“2 





You know where you are 

all the time when you use 
Geolograph Mechanical! Welllogging 
Service! You SEE formation changes 
Gutomatically recorded as you drill 


foot by foot. Send for details now 


ODESSA, TEXAS—WICHITA FALLS, TEXAS—ALICE, TEXAS— 
SHREVEPORT, LA.—BATON ROUGE, LA.—CASPER, WYOMING 





) xe GEOLOGR 


B-84 









Formation Changes 
Stick Out 
LIKE A SORE THUMB 


ON 
GEOLOGRAPH CHARTS /(_) 
A, 






MLi TELL 


APH CO. inc 


















the industry. 


. 


? 








The Petroleum Industry's 


| Engineering Publication 
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vide you a publication of 100% practical value. 
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It’s BAASH-RO 


They have Everything 
in Performance Features! 


L, BOTA ELIS! 


All Sizes—All Designs— All Lengths 


PLUS the Most Advanced 
Construction and Metallurgical Features! 




































@ Baash-Ross Square Kellys are forged end-to- 
end from one solid piece of restricted analysis, 
fine-grained alloy steel, with each heat of steel 
individually checked for quality by separate test 
specimens, 










@ After forging and before heat treating, the 
dimensional accuracy of the forged square sec- 
tion is checked by an API Kelly Sleeve Gage 
which must pass freely over the entire length of 
the square to check maximum allowable toler- 
ances across flats and across corners. Also, 
accurate caliper measurements are taken to make 
sure no portion of the driving section is undersize! 














OR YEARS Baash-Ross has led in the development of 

F a superior line of square Kellys to meet the increas- 

ingly rigid requirements of modern drilling operations. And 
best of all, these top-quality Kellys are available in a range of 
sizes and designs to meet every operator’s need... with or with- 
out stop shoulders, elevator spaces, etc....and in all lengths. 






















@ Next, a series of heat-treating operations 
performed over the entire length of the Kelly in 
one operation, develop the metallurgical prop- 
erties of the steel to provide the best balance of 
shock-resisting toughness and wear-resisting 
hardness. 


@ Additional heat-treatments 
harden the threaded ends for maxi- 
mum life and service. 


In fact, Baash-Ross 
provides everything in square* Kellys! 

















®@ All residual forging stresses are 
relieved by these heat-treating proc- 
‘esses, thus eliminating the most 
prevalent cause of bending and 
deformation. 





@ The Kellys are then carefully 
bored by precision drilling ma- 
chines so that the bore is precisely 
centered end-to-end, then double- 
checked by highly-accurate survey 
devices. For products with bores 
214" diameter or larger, wall thick- 
ness of the Kelly must nof vary 
more than one-sixteenth inch for 
each 10 ft. of product length, or : 
fraction thereof. inal 































Baash-Ross “Trubore” 









® The Kelly itself is also accurately 
surveyed for straightness and 
must be straight within one-eighth 
inch when measured at any point 
over its entire length. 


ae 







® The alignment of the projected 
axis of each threaded end, when 
checked with the precise Baash- 
Ross Alignoscope, must be within 
‘one-eighth inch of the longitudinal 
axis of the Kelly for each 10 ft. of 
Kelly length, or fraction thereof. 
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® In addition, threads must pass, 
not only all API specifications, but 





























































also E unusually rigid Baash-Ross a terns fie With : 
Specifications on thread form, lume based on lant’, 0-D-—.180 cu, fr. n>. P/ Eley With 
* “rest diameter of j.n4i Pet lineal f US ma ator E 
taper, lead, finish, etc. of kelly . oth ) Space levator 
h mond lypes and Space & 
Styles fo meas . St 
ie fever, ‘op 
y : , ; Macon Perator’s Pref Should, 
ove highlight only a few of the many RAR n "Ference er 




















° ° a) 
ton’rols maintained by Baash-Ross fo insure ) PROS Mr 
i x ® Roo % 
a ute straightness, long-life and maximum POO RR ~ 
1 VR ae * TI yy 
all-cround performance from every Baash- xe ay 


. 


*The Baash-Ross lines of Hexagon and Octagon Kellys are 
equally complete. Write for data. 
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permittee is thereby required to fur- 
nish a bond in the sum of five thou- 
sand ($5,000.00) dollars, satisfactory 
to the Chief Engineers, before con- 
struction is commenced. 

|. That, during both drilling and 
producing operations, the permittee 
shall take all necessary precautions— 
including, but not restricted to, instal- 
lation, maintenance, and operation of 
blowout preventors, velocity chokes, 
and other tested devices; to preclude 
uncontrolled flow of oil through or 
around the casing or tubing or other- 
wise; and to prevent the well from be- 



























































Dependability You 
can count on 


—JENSEN 


The fact that a Jensen Pumping 
Unit has no unnecessary parts 
means more than low first cost. It 
also means dependability you can 
count on because there are fewer 
parts to maintain. 


Jensen dependability pays off in 
the form of higher production 
profits. Maintenance and repairs 
are reduced and ‘‘down time’’ 
practically vanished from a Jensen 
pumped well. 


Write today for free informa- 
tion. Let us show you in cold facts 
and figures what Jensen depend- 
ability can mean in dollars and 
cents, or see your nearby Jensen 
dealer. 


ENSEN 


BROTHERS MFG. CO. 
Coffeyville, Kansas, U. S. A. 


Export Office: 50 CHURCH STREET 
NEW YORK CITY 









B-86 











coming a menace to navigation or 
causing pollution of navigable waters. 


m. That if, in the judgment of the 
Chief of Engineers, the said permittee 
does not at all times exercise due cau- 
tion in the handling of oil to prevent 
conditions deleterious to health or sea 
food, or hazardous to navigation, or 
dangerous to persons or property en- 
gaged in commerce on said waters, 
this permit may be revoked and all 
operations authorized by it may be 
terminated. 


The permit issued by the U. S. De- 
partment of Army Engineers only 
gives permission to install a structure 
or platform to be used in drilling op- 
erations, and does not contain all the 
regulations which govern transporta- 
tion of equipment and other necessary 
items for the drilling of oil in coastal 
or offshore waters. 


The U. S. Coast Guard has rules 
which require that any structure 
located in navigable waters must be 
marked by two 360-deg fixed or flash- 
ing red lights marking diagonally 
opposite corners. These lights should 
be visible at least one nautical mile on 
a dark night with a clear atmosphere. 
If flashing lights are used, the number 
of flashes should not exceed 30 per 
minute. If lights are to be exhibited 
from the drilling structure during 
drilling operations, it is not necessary 
to display the red obstruction lights 
until cessation of drilling operations. 
Any barges or boats used in conjunc- 
tion with the fixed structure must 
maintain anchor lights as prescribed 


for a ship that is moored or at anchor. 


If a protective structure is placed 
around the well upon removal of the 
drilling structure, this structure should 
be marked by one 360-deg red light 
located in such a manner as to be vis- 
ible from any direction of the horizon. 
This light should be of the same type 
as described previously herein for 
drilling structures. 


It is necessary to advise the U. S. 
Coast Guard when the lights are 
established, their description, any 
changes, and when they are discon- 
tinued, so that proper notice to mari- 
ners may be issued. 


Coast Guard Jurisdiction 


There have been volumes written 
concerning the laws and rules and reg- 
ulations governing the building, oper- 
ation, and manning of vessels used in 
the waters controlled by the United 
States. These laws and regulations are 
administered by the U. S. Coast Guard 
through its many district offices. They 
were adopted for the protection of life 
and property. The adoption of some 
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of the laws dates back many years, 
and these laws were passed for con- 
ditions entirely different from those 
under which the oil prospectors and 
drillers are now working — causing 
undue hardship and expense to some 
of the companies. A committee has 
been formed, which is comprised of 
members representing many of the 
present companies drilling in the Gulf 
of Mexico, for the purpose of studying 
the existing laws and regulations, and 
for making suggestions for the revi- 
sion of some of the laws which are now 
so burdensome. In making these sug- 
gested revisions, all care should be 
taken to maintain the provisions which 
guard the safety of personnel em- 
ployed in this type of work. The U. S. 
Coast Guard is an organization which 
has proved very helpful in the solution 
of many problems which were strange 
to the oil companies in their early 
work on offshore drilling, and it 
should be consulted on all phases of 
work coming under its jurisdiction. 


Height of Structures 


In some localities, such as in the 
vicinity of airports or the army and 
navy practice areas, there are regula- 
tions governing the heights of any 
structures to be built. These areas can 
be determined by consulting local 
offices of the Civil Aeronautics Author- 
ity or the military authorities in those 
areas. As regards the Civil Aeronautics 
Authority, if a derrick or any other 
part of a structure extends more than 
200 ft above the water, it is necessary 
to advise that authority, and to mark 
the top of the structure with a flashing 
red light. 


FCC Jurisdiction 


The Federal Communications Com- 
mission has promulgated rules and 
regulations covering the use of radio 
communication between shore instal- 
lations and boats and wells at sea. 
There are two different types of equip- 
ment now in use, viz., frequency mod- 
ulation, which is used for talking from 
ship to shore and to the well locations; 
and radio marine telephone, which is 
used for contacting the weather bu- 
reaus for weather forecasts and for 
direct communication by radio and 
telephone to any company’s office. Per- 
mits must be secured from the Federal 
Communications Commission for the 
installation and operation of each of 
these systems. At the present time this 
governmental agency is making a ser- 
vey for the purpose of assigning spe- 
cial wave lengths for the sole use of 
the oil companies in their offshore 
work. 
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Abstract 


The performance of hydraulic type 
rod pumping units is discussed from 
the standpoint of the principal design 
features of the units and typical dy- 
namometer cards are shown. Com- 
parisons are made between the per- 
formance of the hydraulic units and 
that of the previously installed beam 
type units. 


Introduction 


Pumprne equipment for oil wells has 
in the past been largely designed 
around the combination of a crank 
and a walking beam. Early equipment 
was an adaptation of cable tool drill- 
ing equipment. Modern portable 
pumping units have evolved from the 
standard rig by the substitution of 
reducing gears for the belt and band- 
wheel, and the utilization of electric 
motors or high speed internal com- 
bustion engines as prime movers. The 
motion of the prime mover, however. 
is still converted into polished-rod 
stroke by means of cranks and a walk- 
ing beam. 


Throughout this development there 
has been a definite trend towards the 
use of longer stroke lengths. This 
trend has resulted not only from the 
desire for greater pump displacement 
but also from the desire to minimize 
rod, pump, and unit failures by utiliz- 
ing slower speeds. Speeds between 17 
and 25 strokes per minute, which were 
at one time commonly used in the oil 
fields, are now considered excessive 
by most production men. The increase 
in stroke lengths of beam-type pump- 
ing units from 12 in. on the early 
jacks to 12 ft on the larger modern 
pumping units has made it possible 
to lift larger volumes of oil and water, 
reduce peak loads, minimize sucker 
rod failures, and increase volumetric 
efficiency when producing gassy fluid. 
in many California oil fields the 


ep 


Paper presented before the Spring Meeting 
of the Pacific Coast District, Division of Pro- 
duction, American Petroleum Institute, Bilt- 
more Hotel, Los Angeles, California, May 12 
and 13, 1949. 

‘Union Oil Company of California. 


Performance of Hydraulic Type Rod Pumping 
Units in the Santa Fe Springs Field” 


JUAN P. PEDRETTI* 


water content of the production is in- 
creasing while fluid levels are declin- 
ing, necessitating the pumping of 
larger volumes of liquid from greater 
depths in order to maintain economic 
rates of production. These factors 
make it advisable to resort to longer 
stroke lengths in order to minimize 
the troubles usually associated with 
large volume pumping. Since the use 
of a hydraulic system to transmit en- 
ergy from the prime mover to the 
polished rod seems to offer a con- 
venient method of obtaining almost 
unlimited stroke lengths, units em- 
bodying this principle have found a 
ready acceptance in certain areas. In 
the Santa Fe Springs field, for in- 
stance, there are approximately 45 hy- 
draulic-type rod pumping units oper- 
ating at stroke lengths from 10 to. 26 
ft. From the standpoint of operating 
performance it seems likely that stroke 
lengths in excess of 26 ft may prove 
feasible. 


Although experience with hydraulic- 
type units has been relatively recent, 
it was felt that sufficient data could be 
obtained at this time to make possible 
significant comparisons between the 
performance of these units and that of 
the conventional beam-type equip- 
ment. In order to eliminate uncertain- 
ties resulting from the variations in 
behavior between wells, the wells 
studied were those in which beam- 
type units had been replaced by hy- 
draulic. On this basis an attempt was 
made to compare maintenance and re- 
pair work on rods, tubing, pumps, and 
units under both methods of opera- 
tion. 


From the standpoint of this investi- 
gation it is unfortunate that the instal- 
lations of hydraulic equipment were 
made largely to improve the opera- 
tion of the wells and not primarily to 
obtain engineering data. For this rea- 
son other changes were often made at 
the same time that the surface equip- 
ment was changed. Sirice the hy- 
draulic units were installed primarily 
to increase production from the wells, 
the plunger size or the pump depth or 
both were often increased, and in 
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some cases, the rod string was rede- 
signed or the tubing size changed. 
While these sources of uncertainty de- 
tract somewhat from the scientific pre- 
cision of the analysis, it is felt that 
the general trends indicated by the 
data are significant, especially since 
the operating conditions were usually 
more severe subsequent to the instal- 
lation of the hydraulic equipment. 


TYPES OF HYDRAULIC UNITS 


A hydraulic pumping unit consists 
of a piston which is connected to the 
polished rod and is operated by the 
force of a fluid under pressure inside 
a vertical cylinder. Some kind of 
pump and control valves are required 
to operate the piston so that it can be 
moved at will in either direction. 
Fluid which leaks past the piston and 
through the control valves is collected 
in a reservoir and returned to the sys- 
tem by a scavenging pump. In case 
the fluid is subjected to high pres- 
sures, a relief valve is provided to 
avoid damaging the hydraulic system. 
These items constitute the main com- 
ponents of the hydraulic system, but 
other auxiliary devices are sometimes 
used to improve performance. 


Counterbalance 


The well load transmitted to the hy- 
draulic system by the polished-rod 
and piston is counterbalanced by an 
air-balance tank or by a counter- 
weight. The purpose of a counter- 
balance is the same on a hydraulic as 
on a beam-type unit, that is, to min- 
imize the variation in loading on the 
prime mover and transmission by 
storing energy on the downstroke and 
releasing it on the upstroke. In an 
air-balance type of system, the air in 
the tank is maintained at a ‘predeter- 
mined pressure by a small air com- 
pressor. The excess fluid which de- 
velops through leakage past the piston 
or control valve drains back into the 
scavenger system, from which it is 
returned to the hydraulic system by a 
scavenger pump. The scavenger sys- 
tem can be closed or open, a closed 
system being one in which the fluid 
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does not come in contact with the air 
during the process of recirculating to 
the hydraulic system. 


Pump 


The pump of the hydraulic unit is 
one of the most important parts of the 
hydraulic system. The three types of 
hydraulic units studied in this investi- 
gation can be classified by the type of 
pump used to circulate the power fluid: 
(1) A single suction, single stage 
centrifugal pump; (2) a triple-screw, 
positive displacement pump; and (3) 
a variable delivery piston displace- 
ment pump. These units will be desig- 
nated as H1, H2, and H3, respectively. 
For the classification of units see 
Table 1 which follows: 








TABLE 1. Classification of units. 





Beam Type Unit 


Allowable Allowable _— Stroke 

maximum torque headload Length 

Type (inch /pounds) (pounds) _ (inches) 
MNS ste ie Mae 260,000 29,600 ee 

ee eek 375,000 29,600 

Rhea aneece 6A 137,000 19,500 54 
Gee 137,000 20,000 54 
B2c aa 137,000 25,000 72 
B3 bec tans 434,000 30,000 120 


Hydraulic Type Unit 


Allowable Stroke 
head load ~— Length 


Type (pounds) (feet) 
_, SSA Ore Mere? ohn ed 25,000 26 
men. ar 
ee ciwikiek decree 17,500 10 








Reversing Valve 


The reversing mechanism on a hy- 
draulic unit usually consists of a small 
pilot valve, actuated by either hy- 
draulic or mechanical means, which 
operates the main reversing valve. 
The H1 unit has both types of revers- 
ing mechanisms—at the bottom of the 
downstroke, the unit is reversed me- 
chanically as the piston inside the 
cylinder trips a lever, which in turn 
displaces the pilot valve. At the top of 
the upstroke the pilot valve is actuated 
by the differential pressure between 
the top and bottom of the piston. The 
reversing mechanisms of the H2 unit 
are both hydraulically actuated. The 
pilot valve of the reversing valve is 
actuated by the differential pressure 
between the air-balance and the cylin- 
der, being actuated by the pressure 
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P—Pump Pickup R—Reflection 
T—Traveling Valve open C.B.—Counterbalance 


Field: Santa Fe Springs Date Tested: 9-28-48 


Well: W Zone: O'Connell 
Rods: 34”: 2820 Tubing: 21/2”-7052 
7g”: 2520 Pump Size: 21/2x2x35 
1”: 960 Pump Depth: 7022’ 


Pumping Unit: Hi Polished Rod: 11/2” 
Cyl. Pressure: 125-300 psi Stroke Length: 26.6’ 
Air Bal. Pres.: 205-235 psi Speed: 500 SPM 


Production: 
Gross: 417 B/D 
Net: 195 B/D 
Cut: 55.2% 
Gravity: 33.7°API 


Mx. Cyl. Load: 27,500# Actual C.B.: 17,320# 
Min. Cyl. Load: 11,200# Require C.B.: 17,180# 
Cylinder H. P.: 41.4 


above the piston at the top of the up- 
stroke and by the pressure below the 
piston at the bottom of the down- 
stroke. The reversing mechanism of 
the H3 unit is mechanically actuated 
at both ends of the stroke by the move- 
ment of the piston in the counterbal- 
ance cylinder. 


INFLUENCE OF DESIGN ON 
PERFORMANCE 
Pump 


Although it is not within the scope 
of this paper to discuss the details of 
the design of hydraulic units, some- 
thing should be said about the influ- 
ence of the design upon the actual per- 
formance of the unit. Possibly the 
most important feature of the design 
is the selection of the pump for the hy- 
draulic system, since the characteris- 
tics of the pump directly affect the 
variation of polished-rod load and 
speed. For instance, a centrifugal 
pump, because of the slippage inher- 
ent in its design, will tend to maintain 
a constant load on the polished rod 
but will permit a variation in velocity 
during the stroke. A positive displace- 








TABLE 2. Characteristics of hydraulic units. 





Type unit Type pump Power fluid 
|: re Vth RR Ween Centrifugal Water with 

: “soluble oil” 
H2 Ree Displacement Oil 
___SONRNERESA Re eee Displacement Oil 


Type Type Type of reversing mechanism 
counter- scavenger 
balance system Top stroke Bottom stroke 
Air Open Hydraulic Mechanical 
Air Closed Hydraulic Hydraulic 
Weight Open Mechanical Mechanieal 








ment pump, on the other hand, will 
tend to maintain a constant polished. 
rod velocity but will permit a varia- 
tion in load as a result of disturbances 
originating in the well. Other things 
being equal, a centrifugal pump might 
be expected to minimize rod trouble, 
while a positive displacement pump 
might be expected to result in a higher 
mechanical efficiency for the unit and 
possibly higher volumetric efficiency 
for the subsurface pump. 


Hydraulic Fluid 


Another basic design factor is the 
selection of the hydraulic fluid. In 
some hydraulic units the fluid is water 
in which is emulsified a small amount 
of “soluble oil” while in others the 
fluid is a light refined oil such as tur- 
bine oil. The higher density and lower 
viscosity of water seem likely to result 
in higher mechanical efficiency, while 
the relatively higher viscosity of oil 
seems likely to minimize shock load- 
ing caused by the water-hammer effect. 
Obviously, the hydraulic fluid must be 
as stable as possible when exposed to 
variations in temperature and to ox- 
idizing conditions. 


Counterbalance 


The counterbalance design has a 
definite influence upon the perform- 
ance of the hydraulic unit. In the air- 
balance type, the effective counter- 
balance varies from a maximum at 
the bottom of the stroke to a minimum 


t 
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P—Pump Pickup R—Reflection 
T—Traveling Valve open C.B.—Counterbalance 


Date Tested: 10-8-48 
Zone: O'Connell 


Field: Santa Fe Springs 
Well: Q 


Rods: 34”: 2880 
%/_”: 1440 
1”: 2280 


Tubing: 21/2”—6786’ 
Pump Size: 21/2”x2x30 
Pump Depth: 6760’ 


Pumping Unit: Hoa Polished Rod: 11/2” 
Cyl. Pressure: 275-475 psi Stroke Length: 18.3’ 
Air Bal. Pres.: 350-400 psi Speed: 7.06 SPM 


Production: 
Gross: 488 B/D 
Net: 336 B/D 
Cut: 31.2% 
Gravity: 33.7 API 


Mx. Cyl. Load: 24,600# Actual C.B.—16,800# 
Min, Cyl. Load: 9,220# Require C.B.—16,725# 
Cylinder H. P.: 35.0 
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to ed 
’ LANDING NIPPLES 
Your next high-pressure well can have simpler and still 
safer sub-surface control. One, two, three, or more new 
corrosion-resistant Type S Otis Landing Nipples (and 
a Flow Couplings), run at desired intervals with the tub- 
m- ing, will afford definitely located seats for landing an 
ir- adequate number of Otis Removable Bottom Hole Regu- 
lators, Tubing Safety Valves, and Bottom Hole Chokes. 
ges Type S Otis Landing Nipples are essentially full-opening. 
* (Drift diameter of 2” tubing = 1.901”; I. D. of 2” Type 
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tails, write Otis Pressure 
P.O. Box 7206, Dallas, 
or Bulletin 49-106. 








DISTRIBUTORS: OTIS PRESSURE CONTROL, INC., 


EXPORT SALES AND SERVICES: 


MANUFACTURE DEVELOPMENT: ENGINEERING 


THE PETROLEUM ENGINEER, Reference Annual, 1949 


S Landing Nipple = 1.875”.) Each Nipple is “profiled” 
within its bore to accept only one specific Type S Man- 
drel Assembly having a matching set of “keys.” For 
example, the Type S Mandrel with #1 keys, and carrying 
the desired sub-surface control mechanism, can be run 
down the tubing under pressure on a steel measuring line 
through all upper Type S Landing Nipples, to select and 
lock positively only in Type S Landing Nipple #1. Like- 
wise, the Assembly having #2 keys can be set only in 
Nipple #2, etc. 

The new Type S Otis Mandrel Assemblies are equipped 
with fully-supported V-type packing which effect a “slide 
fit” within the machined bore of the Type S Landing 
Nipple to eliminate the necessity of flowing the well to 
create an initial shutoff, and are constructed with an 
efficient metal-to-metal locking mechanism. These two 
exclusive design features have been used successfully for 
years (in Type J Otis Mandrel Assemblies) to pack-off 
and lock Otis Sub-Surface Controls under extreme tem- 
perature and pressure conditions. 


OTIS EASTERN SERVICE, INC., BOLIVAR, N. Y.; WESTERN PRESSURE CONTROL, LOS ANGELES, CALIF. 


FIELD OFFICES: TEXAS: HOUSTON, CORPUS CHRISTI, FALFURRIAS, VICTORIA, ODESSA, ond LONGVIEW. OKLAHOMA: OKLAHOMA CITY. LOUISIANA: NEW IBERIA. MISSISSIPPI: BROOKHAVEN 
OTIS PRESSURE CONTROL EXPORT, INC., POST OFFICE BOX 7206, DALLAS, TEXAS, U.S. A.; CARACAS, SOUTH AMERICA 
CORPORATION, POST OFFICE BOX 7206, DALLAS, TEXAS, U.S.A. 
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at the top of the stroke. The greater 
the variation of the pressure in the 
air-balance cylinder, the greater the 
variation of the rate at which hy- 
draulic fluid is pumped, as the pres- 
sure differential between the well cyl- 
inder and the air-balance varies ac- 
cordingly. Where the air-balance pres- 
sure is used to operate the pilot valve 
of the reversing mechanism, a rela- 
tively large variation in air pressure, 
together with a large variation in 
polished-rod load, may result in pre- 
mature reversals. It has been observed 
in the field that, as the temperature 
changes during the day, the effective 
air counterbalance also changes slight- 
ly. Obviously the counterweight type 
of counterbalance eliminates these 
variations. 

In the case of the H1] and H2 hy- 
draulic units, as the power fluid comes 
in contact with the compressed air in 
the air-balance tank, some air is ab- 
sorbed by the power fluid and it be- 
comes in consequence slightly cor- 
rosive and compressible. This condi- 
tion is avoided in the H3 unit by the 
use of a counterweight operated by a 
cylinder similar to the well cylinder. 
Since the hydraulic fluid is trans- 
mitted between the cylinders in a 
closed system, the fluid is never in 
contact with air at high pressures. 


Summary 


The principal features of the hy- 
draulic pumping units studied in the 


Santa Fe Springs field are summar- 
ized in Table 2. 
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P——Pump Pickup R—Reflection 
T—Traveling Valve open C.B.—Counterbalance 


Date Tested: 3-3-49 
Zone: Clark 


Field: Santa Fe Springs 
Well: T 


Rods: 34”: 4980’ 
7/,”: 2160’ 


Tubing: 2”—7238 
Pump Size: 2x1 1/2x20’ 
Pump Depth: 7192 


Pumping Unit: Hs Polished Rod: 114” 
Cyl. Pres.: 1800-1340 psi Stroke Length: 10’6” 
Air Bal. Pres.: 1300 psi Speed: 6.25 SPM 
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PERFORMANCE OF HYDRAULIC 
UNITS 


Dynamometer Studies 


In order to evaluate the perform- 
ance of hydraulic units it is Suede 
to obtain dynamometer cards during 
actual pumping operations. Due to the 
construction of the hydraulic units, it 
is possible to utilize a polished-rod 
dynagraph only on the H3 unit, but 
the polished rod loads on other units 
can be approximated by measuring 
the pressures in the hydraulic cylin- 
der. Unfortunately the pressures in 
the cylinder reflect not only the varia- 
tions in well load, but also the pres- 
sure variation in the hydraulic circuit. 
Most of the dynamometer charts were 
obtained by using a Maihak (Crosby) 
standard indicator or its equivalent. 
The pencil or stylus makes a record 
upon a sheet of paper placed about 
the indicator drum. The drum is ro- 
tated backward and forward by a cord 
wound around the lower part and by 
the action of a coil spring within the 
drum. The indicator cord is run over 
a properly located guide pulley, and 
is attached to a system of wheels with 
a reducing mechanism in contact with 
the polished rod. The function of the 
reducing mechanism is to reproduce 
on a smaller scale the reciprocating 
motion of the polished-rod. Unfortu- 
nately it has not been possible to at- 
tach an adequate timing device to the 
instrument in order-to allow a more 
thorough study of the characteristics 
of the system. 


FIG. 3a 


FIG. 3b 


FIG. 3c 


Production: 
Gross: 97 B/D 
Net: 30 B/D 
Cut: 68.9% 
Gravity: 32.5° API 


Mx. Cyl. Load: 1820 
Min, Cyl. Load: 770 
Actual C.B.: 14,000# 


Mx. Pol. Rod Load: 17,400 
Min. Pol. Rod Load: 8,470 
Polished Rod H. P.: 9.97 





20,0007 | 


10,000 7 














0 
P—Pump Pickup ACB—Actual Counterbai- 
T—Traveling Valve open ance 
R—Reflection RCB—Required Counter- 
Field: Santa Fe Springs balance 
Well: H Date Tested: 11-9-48 


Rods: 3/4,”—2820’ 
7/_"”—1980" 
"— 990’ 


Zone: Buckbee 
Tubing: 21/,—5864’ 
Pump Size: 21/2x21/4x30 


Pumping Unit: H1 Pump Depth: 5838 

Cyl. Pressure: 100-300 psi Polished Rod: 11/2” 

Air Bal. Pres.: 195-218 psi Stroke Length: 21’ 
Speed: 5.32 SPM 


Production: 
Gross: 341 B/D 
Net: 48 B/D 
Cut: 85.9% 
Gravity: 33.8° API 


Mx. Cyl. Load: 20,700# Actual CB: 16,600# 
Min, Cyl. Load: 6,850# Require CB: 13,785# 
Cylinder H. P.: 19.05 


H1 Unit 


Fig. 1 illustrates some of the char- 
acteristics of the H1 hydraulic unit. 
This dynamometer card was taken on 
the 1014-in. diam. cylinder on a well 
pumping 417 bbl of liquid a day from 
7022 ft. Although the loads shown on 
the card are only an approximation 
of the polished-rod load, it is impossi- 
ble to obtain polished-rod dynagraph 
cards on this unit. The sharp changes 
in load. during stroke reversals and at 


‘points B and P on the card may be 


partially the result of the low viscosity 
and high density of the water base hy- 
draulic fluid. 

The hydraulic system in the unit 
operates at lower pressure than in the 
other hydraulic units, but the rate of 
circulation of the fluid is higher, aver- 
aging approximately 1100 gpm. The 
point P on the chart corresponds to 
the closing of the travelling valve of 
the sub-surface pump and R to its full 
wave reflection. The load is relatively 
constant over a major portion of the 
upstroke, apparently as a result of the 
action of the centrifugal pump used 
in this unit. The pronounced load in- 
crease at the point B of the chart is 
caused by the effect on the hydraulic 
reversing mechanism on the fluid 
which has accumulated above the 
piston due to leakage. After the stroke 
reversal the pump displaces fluid from 
under the piston to the air-balance 
tank and the load decreases from B 
to C, a value slightly less than the 
weight of the rods. It cannot be deter- 
mined just which portion of the load 
range BC results from the action of 
the hydraulic system and which por- 
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tion actually corresponds to the 
change in polished-rod load. From C 
to D, the well load tends to compress 
the fluid in the cylinder, and the pres- 
sure in the cylinder increases to a 
value almost equivalent to the weight 
of rods and liquid in the well. At T the 
travelling valve of the well pump 
opens and the pressure in the cylinder 
decreases from T to E, a value less 
than the weight of the rods. The con- 
stant load from E to F on the chart is 
probably due again to the action of 
the centrifugal pump. The time inter- 
val in the chart from B to T is very 
small with respect to the rest of the 
downstroke. The little step in the 
downstroke between C and D is prob- 
ably a reflection. The hump AP on the 
chart is probably caused by inertia 
of the rod system. 


H2 Unit 


The chart represented by Fig. 2 was 
obtained on the 8-in. diam. cylinder 
of an H2a hydraulic unit pumping 
448 bbl of gross liquid a day from 
6760 ft. In this unit the main pump 
is a triple-screw, positive displace- 
ment type and the fluid for the hy- 
draulic circuit is oil. Because of the 
viscosity of the fluid and the lower cir- 
culation rate (approximately 650 
gpm) load changes during the rever- 
sals of stroke are less sudden than 
those shown in Fig. 1, and the loads 
shown on the chart probably approxi- 
mate the polished-rod load more close- 
ly. The variations in load during the 
upstroke and downstroke are prob- 
ably due to the action of the positive 
displacement pump which tends to 
deliver a constant fluid volume re- 
gardless of pressure conditions. 
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FIG. 5 


P—Pump Pickup ACB—Actual Counterbal- 
T—Traveling Valve open ance 

R—Reflection RCB—Required Counter- 
Field: Santa Fe Springs balance 


Well: H Date Tested: 1-10-49 

Rods: 34”—2820’ Zone: Buckbee 
7/3”’—1980" Tubing: 21/.”—5864’ 
1”— 990’ Pump Size: 21/2x21/44x30’ 


Pumping Unit: Hi Pump Depth: 5838’ 
Cyl. Pressure: 130-290 psi Polished Rod: 1,” 
Air Sal. Pres.: 178-200 psi Stroke Length: 22.9’ 
Speed: 4.73 SPM 
Production: 


Gross: 199 B/D 

Net: 28 B/D 

Cut: 85.9% 

Gravity: 33.8°API 
Mx. Cyl. Load: 23,000# Actual CB: 15,200# 
Min. Cyl. Load: 9,430# 
Cylinder H. P.: 19.8 


Require CB: 17,840# 
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FIG. 6 
P—Pump Pickup Date Tested: 12-23-48 
T—Traveling Valve open Zone: Clark 
Field: Santa Fe Springs Tubing: 21/2”—7147’ 
Well: Z Pump Size: 21/2x2x32 
Rods: 7/g”—5070’ Pump Depth: 7116’ 
Rods 1”—1950’ Polished Rod: 13/4,” 
Pumping Unit: Hob Speed (aver.): 6.41 SPM 
Cylinder Pressure: 205-565 psi Stroke Length: 1) 14.67’ 
Air Balance Pressure: 385-428 psi 2) 14.32’ 
R—Reflection 3) 13.20’ 
ACB—Actual Counterbalance 
Production: 
Gross: 214 B/D 
Net: 2 B/D 
Cut: 99.0% 


Gravity: 33.1° API 


Mx. Cylinder Load: 37,800# 
Min. Cylinder Load: 12,250# 
Cylinder H. P. (aver.): 47.5 


H3 Unit 


The dynagraph represented by Fig. 
3 was obtained (a) on the polished 
rod; (b) on the bottom part of the 
4-in. diam. well cylinder, and (c) on 
the line connected to the top of the 
4-in. diam. well cylinder on an H3 
type unit. The well was producing 97 
bbl of gross liquid per day from 7192 
ft. The pump of the hydraulic unit cir- 
culated an average of 86 gal of oil per 
minute at a high pressure in the sys- 
tem (average 1650 psi). It seems 
likely that the low volume and high 
pressure used in this hydraulic system 
results in a closer correlation between 
net pressure on the piston and pol- 
ished-rod load. This relation is sum- 
marized in Table 3. 


The difference between the pol- 
ished-rod load and the effective cylin- 
der load is caused by friction in the 
hydraulic system and instrument re- 
cording error. The polished-rod loads 
were obtained with a Westinghouse 
dynamometer instrument. 


Diagnosis of Subsurface Trouble 


Examples of the application of cyl- 
inder dynamometer cards to the an- 
alysis of subsurface pump perform- 
ance are shown in Fig. 4, 5, and 6. 
Analysis of the chart shown in Fig. 4 
indicated that the pump plunger was 
hitting down, an interpretation which 
was subsequently verified by the pro- 
duction crew. In Fig. 5, for the same 
hydraulic unit, fluid pound was caused 





Actual C. B.: 25,300# 
Required C. B. (aver.): 24,140# 


by restriction of the pump intake due 
to the formation of scale. During the 
period previous to a pump change, a 
fluid level determination indicated a 
fluid level considerably above the 
pump. Fig. 6 illustrates excessive 
maximum loading and load range 
caused by the plunger sticking in the 
pump. The great difference between 
maximum and minimum loads also 
resulted in premature reversal of the 
stroke since the pilot valve is hydrauli- 
cally controlled in this unit. 


Hydraulic Fluid 


To insure proper functioning of the 
oil used as the hydraulic fluid in some 
units it is desirable to make periodic 
tests for viscosity, gravity, acid num- 
ber, bottom sediment and water, and 
iron content. After making semi- 
monthly tests for 40 months it was 
found that such properties of the oil 
as gravity and viscosity did not change 








TABLE 3. Hydraulic unit Type H3— 
dynagraph cards comparison. 





Well cylinder load 
_ Lb Lb Lb 
Card* polished-rod below above 


4 


rd effective 
position load piston piston cylinder load 
P 15,080 16,880 1,635 15,245 
1 17,400 20,200 1,635 18,565 
R 15,520 19,000 1,635 17,365 
2 16,850 19,870 1,635 18,235 
3 15,800 19,200 1,635 17,565 
4 11,550 17,870 5,660 12,210 
5 8,470 15,540 7,920 7,620 
6 12,870 15,820 2,764 13,056 
7 8,920 15,750 6,660 9,090 


*See fig. 3 for relative position on the charts. 
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rABLE 4. Hydraulic oil consumption 


data. 
(Based on period from Jan. 1, 1947 to Dec. 9, 1948) 





Average 
: : . Numberof Consumption 
Pumping unit Type of oil units (gal/day) 
Hi Soluble 3 0.26 
H2 Turbine 19 2.35 
H3 Turbine 8 1.00 








significantly, but B. S. and W., acid 
number, and iron content showed 
some tendency to increase with serv- 
ice. Impurities in the oil such as water 
and air apparently cause oxidation 
of the oil and corrosion of the metals 
in the unit. In order to maintain satis- 
factory operation of the units, it was 
necessary to add a filter screen in sev- 
eral H2 units to remove foreign mat- 
ter from the oil. By this means the 


sediment and iron content of the oil ° 


was greatly reduced and the acid num- 
ber was somewhat improved. Hydrau- 
lic fluid for the H1 unit is an emulsion 
consisting of 5 per cent soluble oil in 
the water. Tests for oil content, pH, 
sediment content, and iron content of 
this fluid have been recently initiated. 
Excessive oil content in the fluid not 
only causes foaming which in turn 
causes cavitation in the centrifugal 
pump, but also may result in an in- 
version of the emulsion. 

The amount of oil consumed per 
month results in part from oil dissi- 
pation but is mainly due to loss 
through packing leaks and during 
well pulling operations. Hydraulic oil 
consumption records have been taken 
for each hydraulic unit since January, 
1947, and the average consumption 
calculated from these data is shown 


in Table 4. 


COMPARISON WITH BEAM 
PUMPING UNITS 


Upon investigation it was found 
that there were 22 wells which had 
been converted from beam type to 
hydraulic units and had subsequently 
produced from the same zone long 
enough to afford a significant com- 
parison. The wells were distributed 
between zones as follows: 


Zone 


PTE NAD ent ae 2 
5 ROSCOE EL Pe eRe 1 
OE Se easins taka indcnoieasise 1 
OE ee 4 
ERE poe es: 9 
5 

22 


Clark 


The period investigated was from 
January, 1946, to September, 1948. 
The types of units installed in the 
wells can be summarized as follows: 
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Type No. of wells placement available with the long. 
Se 1 stroke unit. Examples can be found in 
7 ee 17 the individual well data tabulated in 
«SE 4 Table 6, and the per cent change due 

Spear ee ee ast to the installation of the hydraulic 
29 units is tabulated in Table 5. 


Gross Production 


In most cases conversion from 
beam pumping units to hydraulic 
units results in a reasonable increase 
in gross production. In some wells the 
increase was due to increased plunger 
size, in others to lowering the pump, 
and in still others to the greater dis- 


Although the ability to produce 
large volumes of fluid is of great im- 
portance, particularly in competitive 
fields, economy and continuity of op- 
eration are essential in any pumping 
unit which is to have wide application. 
In an attempt to evaluate these factors 
the following data were collected for 
each well: (1) gross production Jost 








TABLE 5. Average well characteristics and unit performance by zones. 





Well production zones 





No. of wells. 


Items Foix Bell Meyer Buckbee —_O’Connell Clark 
Number wells observed.................. 2 1 4 9 5 
Avg formation temperature, °F........... 128 148 174 190 198 
Avg water salinity, G/G................. 300 350 750 1250 1400 1500 
| ae 5 See 26.1 33.2 34.3 33.1 33.2 32.9 
PURDON MONE 565i cic ctniseccccee CaeO 85.6 87.0 88.0 49.7 60.3 
Avg production lost, B/D 

Beam MD cacaiain'cipisis n1e;6 8. b''ssojelvinse-eoiate 1 12.94 18 .3¢ 13.2 12.8 19.5 

arn 38.5 16.9¢ 7.04 13.5 14.1 14.2 
Avg daily man-hours* 

Beam EER nee aerey rire) 0.467 1,185° 2.030¢ 1.364 1.440 2.794 

See eee 2.036 1.126° 0.514¢ 1.056 1.040 1.489 
Yearly rod breaks 

PI isle. sinier 6 cp a.sinpiee sd near 0 yO 1. 8.9 13.7 10.5 

ROO AMOO oi oas oscos cicececawcce.s 0 0-4. 1+ 04 0-9.74 5.1 3.5-4.7° 
Yearly pump changes 

NE a ols 5,02 5.aisia in seton.Caneane 7.4 11.9 9.9 6.4 3.8 6.0 

MEMO EID. 6.0 ic55ccccsicccedineese OF 13 .2-5.1f i 4 3.3 1.9 4.4 


Note; *Man-hours include all maintenance and repair. 
“Only one well observed. 


*None for the production period with sucker rods and 4.1 with 114 inch tubing. 


aNone for H’ and 9.7 for one Hi. 
Average 3.5 for H2 unit and 4.7 for one H3. 
#Less than one month record. 


713.2 for H3 unit with sucker rods and 5.1 with 114 inch tubing. 








TABLE 6. Comparison of beam type and hydraulic type pumping units, 
Santa Fe Springs oil field. 





Well; A Zone; Foix 





Beam type Hydraulic type Change, per cent 
Item I II I—Il 

NR 552 aera 5s axa wa Rava aces 5 Resa OMe rh 12-10-46 to 8-29-48 3-14-48 to 7-31-48 
LSPS rch. g ciel towigie aeernanafac eerie oe Bab H3 
EEE 2 ere Henne ee ener 54” 10’ 
a a on eh hns Vienna 2M4x1—84x12 214x2x20 
MIEN ooo cao La ccs braeid a dee ane bare ers 3385 78 
PN ooo os.s die sceiasainwsa dn wd bedava 22 3.5 —34 
Ee NES) re 166 205 +24 
eee OR ee ere rare 80.3 87.7 
Lost gross production, B/D....................0e0. 1.5 1.5 

II oS Sota e scons orca abe eee cx ner 0.467 637 +36 
NN SE OTT ER eee 7.36 —100 
II cick is 5'sancn kbar an ca onaaae amine 
IE oss rans ays manice Dhskeaweek os 1.64 5.3 +222 


*MH/D represents total maintenance and repair jobs. 








Well; B Zone; Foix 








*Gas lift Hydraulic type Change, per cent 
Item I II Ill I—-Il I—I Ill 

AE ES Se CTE error ae . 1-6-46 to 6-30-47 7-23-47 to 8-5-47 8-6-47 to 8-31-48 

In, ce ncte an eidenine oS oie Intermitter H3 H3 

MIND 5g OS sc se, dresas mre Hhach, oS ask 10’ Mg 

it Och A x cacsidls,sinsadae ai 3” The. 3x214x20 3x214x20 

UMMC, TOBE cos oo 5 ioe eka cciaaes 3269 3534 3534 

PUM OPC, BEM... oc. ee secs es 3200G/O 4.7 4.7 

Gross production, B/D................ 149 195 220 +31 +48 +14 

Water Out PET OONE. .... no. cnc cccccces 57.0 59.0 60.0 a 

Lost gross production, B/D............ 1.6 75.1 20.1 +100 +4100 id 
ORIAANT TARMHOUER 5 0.555 oo 5 <6 :<5000 ose cme es 0.030 7.775 3.435 +100 +100 56 

Pump changes/year..................- 2.8 +100 

eS SS errr ree 

eS ee ee ee 13.0 +100 


*This is not a beam type of unit but for matter of interest, it is included. 


**MH/D is total maintenance and repair. : ; 
In the III period the well was produced w/1}4” tubing. 
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3 PERFORATE AND TEST 
in a single run 
: The Jobnston Following 
794 "Shoot-N-Test” perforation, 
489 Gun Perforator formation 
at moment of fluid enters 
= 4 fire Jobnston Tester 
assembly 
0 
a 
ent 
Eliminate one round trip with this combination . . . 
The Johnston “Shoot-N-Test” and the Johnston 
Formation Tester both perforates and tests 
any designated formation in one round trip of 
tubing or drill pipe. The entire run - trip in, perforating, 
water shut-off information, exploratory work or 
testing for actual production, and trip out - - is 
recorded by the Johnston Pressure Recorder. 
es 
i 
I f you're interested in information 
| on cutting hours off completion time —saving 
(Xe) : 
Serving wear and tear on equipment — 
' N 
- \ SERVICE CORPORATIO getting wells on production faster — 
2 ON OlL FlEL Texas 
= \OHNST tion d., HO ston, get in touch with Johnston! 
i aviga Basin 
100 5102 : inent — Permian a 


{ 
rving mid-Conm™ 
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READ WEIGHT 











IN POUNDS... 
TO THE POUND 



























ESSERE OEE 
NON-HYDRAULIC 


WEIGHT 
INDICATOR 












































































































Completely mechanical, 
self-contained unit 
@ Extremely sensitive 
to load changes 
Rugged and durable 
Instantly adjustable 


The Cameron Non-Hydraulic Weight 
Indicator is so sensitive to small weight 
changes that the driller can quickly and 
easily read the load directly in pounds 

. not points . . . almost to the pound. 

Because of its Non-Hydraulic mechan- 
ical movement, it is entirely free from 
troubles due to leakage of fluids or due 
to temperature changes. 

Like the popular Cameron Pressure 
Gauge, the case of the Cameron Weight 
Indicator is oil-filled to provide a viscous 
dampening of the dial to eliminate the 
harmful effects of mechanical vibration. 

















WRITE FOR 
FULLY DESCRIPTIVE DETAILS 









































IRON WORKS, INC. 





| en :1 0? Ga a HOUSTON, TEXAS 
Export: 74 Trinity Place, New York, N. Y 








B-94 











TABLE 6. (Continued) 
Well; C Zone; Bell 








Beam type Hydraulic type Change, per cent 
Item I II III IV I-III I—Il [I—Iy 
Period. . Bicerti sc 02 Racor sin 1-1-46 to 10-2-46 10-3-46 to 2-4-47 2-5-47t07-27-47 8-8-47to07-31-48 
ee eee B2a H3 H3 H3 
Stroke length........... 54” 10’ 10’ 10’ 
eee 3x214x10 3x214x14 3x244x14 3x214x14 
Pump depth, feet....... 3972 3972 3812 3812 
Pump speed, SPM...... 18 5.0 5.0 6.7 —72.2 —72.2 —62.7 
Gross prod., B/D....... 273 271 317 285 —0.7 +16.1 +4.4 
Water cut, per cent..... 80.0 83.8 87.2 91.5 
Lost gross prod., B/D. . . 12.9 28.1 12.2 10.3 +117 —5.3 —20.1 
*Daily man-hours........ 1.185 1.919 0.808 0.645 +62 —32 —46 
eer ceaneen/ year ree 11.92 11.67 14.75 5.08 —2 +424 —58 
Rod breaks/year........ 2.65 4.07 -—100 —100 +56 
Jed (114” Thg.) 
Tubing jobs/year....... 1.02 


*MH/D is total maintenance and repair. During IV period well was produced with 134” tubing. 








Well; D Zone; Meyer 





Beam type Hydraulic type Change, per cent 





Item I II III I—II I—IlI II—ill 
Period. . ne Signe atRen Nano aiSb alanacd 1-1-46 to 9-28-46 10-2-46 to 4-15-47 4-22-47 to 8-31-48 
ERE CE pene Baa H3 H3 
SS ree 54” 10’ 10’ 
es ag sh cihvodins vce ue 214x2x16 24ox214x15 *216x2x17 
Pump depth, feet............... 4531 4512 3975 
Pump speed, SPM.............. 23 6.5 6.3 —72 —i3 —3 
Gross production, B/D.......... 211 266 254 +26 +20 —5 
Water cut, percent............. 85.0 89.0 89.0 
Lost gross production, B/D...... 13.0 6.4 7.6 —§2 —42 +20 

**Daily man-hours................ 2.030 0.530 0.498 —69  —75 —6 
Pump changes/year............. 9.92 1.86 1.47 —8il —85 —21 
Rod breaks/year................ 1.35 —100 —100 
Tubing jobs/year............... 4.03 0.73 —100 —82 +100 


“*Half time pump produced with 114” plunger from 4366’ depth **MH/D represents total maintenance and repair jobs. 








Well; E Zone; Buckbee 





Hydraulic 
IV 


Change, per cent 
I—IV II—IlI II—Iv 


Beam type 
II 








I 





Ill 













Rea rauth: wiiscarecRAat ened 8-2-46 to 5-1-47to 4-16-48 to 
7-5-46 4-30-47 1-17-48 6-28-48 
ee Tee B3 Bib Bib H2a. 
(Experi.) 
Stroke length...............0 96” 66” 66” 15’ 
__. ae 244x2x18 =«- 24}gx2x18 = 2Mox2x18 = s-214x2x31 
Pump depth, feet............. 5079 5079 5079 5079 2 
Pump speed, 8PM............ 16 19 17 5.8 +19 —64 —ll1 —70 
Gross production, B/D........ 306 297 273 346 —3 +13 —8 +17 
Water cut, percent........... 95.6 94.5 96.8 98 
Lost gross production, B/D.... 0 7.9 19.7 19 +100 +100 +100 +100 
*Daily man-hours.............. .624 1.313 1.443 0.932 +100 +49 +10 —29 
Pump changes/year........... 3.93 5.57 6.93 +42 —100 +24 —100 
Rod breaks/year.............. 7.85 9.75 9.71 +24 —100 —0.4 —100 
Tubing jobs/year............. 5.0 +100 +100 





*MH/D represents total maintenance and repair jobs. 












Well; F Zone; Buckbee 
















Beam type Hydraulic type Change, per cent 
Item I II a 2s I 
Se, SRS 3 Sy ate nlese a erninateaaimne sibiars 1-1-46 to 9-2-46 9-24-46 to 8-31-48 
ne -_. Sd. AOR Oil > Hie 
AE ch errs Serer Ter re 
= “ ce Paina cave diminareaarsiaa ons : 214x2x18 2790/4331 















Pump s [2 See Rice 15 6 —60 
io por ag MR ie eck aiuesaeehe meets 263 228 —13 
Re ee 58.0 80.0 
Lost gross production, B/D ae 20.9 8.7 —59 
*Daily man-hours........ bie 2.530 1.180 —53 
ey oe ocagl Since an 3.60 = 
re ren rere , a 
MANNIE UEP OBE ox < ao-0.0, 0. 0.0:5;5:0.05 Srainro.n.0.6s.0)9:4.0\0'0 ae 1.03 +100 





*MH/D represents total maintenance and repair jobs. The two periods were produced with pump-off conditions. 








Well; G Zone; Buckbee 








Change, per cent 





Beam type Hydraulic type 










Item I Il lll I—II II—Il! 

DM tees ct oc Ccvcietninna ns 1-1-46 to 11-9-47 11-26-47 to 4-26-48  5-5-48 to 8-31-48 

SIRI 4s win 'stcisioGa3emw.n *Bib “Bib H2a 

ee OTe 66” 20’ 

BRINE oo cisik are 5. 06:3.s155 sisonin sis. 216x2x16 24x1—34x12 216x2x31 

Pump depth, feet............. 6120. 6110 6110 : 

Pump speed, SPM...... 20.5 19.0 6.0 —7 —68 

Gross production, B/D. . 298 351 +240 +18 

Water cut, per cent. .... 94 96.2 96.0 

Lost gross production, B/ 29 13 +532 == 
**Daily man-hours...... 1.300 1 330 0.740 +2 : 

Pump changes/year. 8 60 4.77 3.07 —45 m~ 

Rod breaks/year...... - 3.77 7.15 +90 —1 

Tubing jobs/year......... he 0.54 2.39 3.07 +342 +28 


*Part of production was pumped with Pacific 5FO. 
**MH/D represents total maintenance and repair jobs. 
The well was repaired between periods I and II. 
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due to down time; (2) pulling jobs 
per year; and (3) total maintenance 
and repair man-hours per day, includ- 
ing the time of all rod crews and me- 
chanics. 


Down Time 


It is of little value to increase the 
gross production rate from a well un- 
less the well can be kept on produc- 
tion enough of the time to result in 
more oil in the tank at the end of the 
month. For this reason a study was 
made of the gross production lost due 
to down time. The results summarized 
in Table 5 indicate that there was no 
significant increase in this lost pro- 
duction when beam pumping units 
were replaced by hydraulic. Thus any 
increase in production rate resulting 
from the change should be reflected 
in the total production for the period. 


Subsurface Repairs 


Probably the most important fac- 
tor in well operating costs is the fre- 
quency of pulling jobs. These jobs 
can be classified as (1) pump changes, 
(2) rod fishing jobs resulting from 
rod breaks, and (3) tubing jobs. A 
study was made of the pulling fre- 
quency and an attempt made to 
classify the work as outlined above. It 
can be seen from Table 5 that the fre- 
quency of pump changes has, in gen- 
eral, decreased after the installation 
of hydraulic units, with the greatest 
improvement occurring in the Meyer, 
Buckbee, and O’Connell wells. The 
higher frequency in the three shallow 
zones is due to sandy conditions in 
these wells. 

It can also be seen that the fre- 
quency of rod breaks is generally 
lower for the hydraulic units, particu- 
larly in wells producing from the two 
deepest zones (O’Connell and Clark). 
The Bell Zone wells pumped with 
114-in. tubing instead of sucker rods 
show a higher frequency of rod 
breaks, possibly due to the inadequacy 
of the joints from a fatigue strength 
standpoint. 


The number of tubing jobs on most 
of the wells during the period studied 
was too small to permit significant 
comparisons to be made. There is no 
evidence of any change in the fre- 
quency of pulling tubing as a result of 
the installation of hydraulic units. 


Total Maintenance and Repairs 


The cost of operating a well is di- 
rectly dependent upon the total man- 
hours expended on both surface and 
subsurface repairs and maintenance. 
In Table 6 total maintenance and re- 
pair man-hours per day are tabulated 
for the individual wells, while in 
Table 5 averages are shown for the 
different zones. Although the hydraulic 








TABLE 6. (Continued) 





Well; H Zone; Buckbee 
Beam type Hydraulic type Change, per cent 
Item I II I—II 
Period. . Kapaa emaadaw antes soa eee Resa emen anaes 1-1-46 to 5-8-48 5-11-48 to 8-31-48 
OR er noen Cire mn Onn IRE Bac Hi 
ERA ee ere ey we yan 72” 26’ 
ean oc oiacle avs, tans pia km aA oe 24x1—34x12 214x1—34x30 
ee a Pere one ren 5444 5868 
ES ee eee es 17 5.0 —71 
ee eS, a ae anne 301 437 +45 
en ere 86.6 88.0 
Lost gross production, B/D.....................00- 9.8 16.6 +70 
*Daily man-hours....... ee er eee eee 1.010 0.867 —14 
eee tere eee 3.41 —100 
NONE ois.0 0 sig. 05<5 50 Sans tawceneseacmesan 7.66 9.68 +26 
NS rr ree ere 0.43 —100 


*MH/D represents total maintenance and repair jobs. 








Well; I Zone; O'Connell 





Beam type Hydraulictype Beamtype Hydraulic type 


Change, per cent 





Item I II III IV I—II I—IV II—Iv 
MN 5.555 de cetw azarae 1-1-46 to 4-13-46 to 8-14-46 to 11-23-46 to 
4-5-46 8-12-46 9-10-46 3-24-48 

Soe dee OC ae Bib *H Bib H2a 

NS SE err 66” ‘10’ 66” 20’ 

Re ahd ssiadevona 214x184x12 216x184x30 =. 214x18jx30)0=—s- 24x134x30 

at re hd Bhs 214x134x12 244x134x30 244x1384x30 214x134x30 

Pump depth, feet............. 6163 6742 6742 6742 

Pump speed, SPM............ 20.0 6.0 20.0 5.7 —70 —72 —5 

Gross production, B/D........ 297 344 293 325 +16 +4 —t, 

Water cut, per cent........... 45.7 44.7 ; 40.0 

Lost gross production, B/D... . 11.5 92.0 0.6 10.5 +100 —9 —sY 
**Daily man-hours.............. 1.640 0.970 045 0.156 —41 —9l —84 

Pump changes/year........... 3.84 2.77 0.75 —28 —81 —7 

Rod breaks/year.............. 11.5 —100 —100 0 

Tubing jobs/year............. 3.84 —100 —100 


*This hydraulic unit was operated in this well under experimental conditions. 


**MH/D represents total maintenance and repair jobs. 








Well; J Zone; O'Connell 














Beam type Hydraulic type Change, per cent 
Item I II I—II 
NN hiss cassie nwa eEacd ee GRME ES 1-1-46 to 2-9-48 2-12-48 to 7-31-48 
EG 25 ccc caerseccdanseaiicten Senate ara? Bia H2a 
EN oon ss acamspassaesaeeepeescenaneas 66” 20’ 
MN etch wiwa cap Geenae ee eneneena eas 234x184x12 214x2x30 
SES err ne rere rere 78 6813 
PI RIE NINE ci ocaccksvaatuscmebasas cascade 19.5 6.3 —68 
CeCe RIE TIED So 5 6ios0 sa 2 0ee'sc0se b¥.b0s 00% 391 412 +5 
ee ES eT Le eee 73.3 76.00 
Lost gross production, B/D.................eeee eee 3.6 13.7 +286 
ND as, dat haknwcesae cawk eee air ycees 0.169 1.400 +728 
PN IIIS 6 6.55 c:accinsc asec cueapwaiiasesa nie 0.47 —-100 
TE oo. ooo cs ssnuanban aecnsiacwe benno 1.89 2.03 +8 
IIE oc os ac Gidugiseaeanscuectunersonsees 2.03 +100 
*MH/D represents total maintenance and repair jobs. 
Well; K Zone; O'Connell 
Beam type Hydraulic type Change, a cent 
Item I II I—II 
DONE. * .: 2. co cwigoccnee baad teeetooehaa~ues 1-1-46 to 9-22-47 9-30-47 to 8-31-48 
PNG os nsnecnccdsandssuuesdeeesiasearsass Bla H2a 
RO Cee rr ee ere Tree 66” 20’ 
ORE er he err 244x184x12 214x2x30 
Pa ONE BO oink vse ceccsseincasesesscceoecas 6795 6780 
ee ae rer erer rs 19 5.5 —71 
Gross production, B/D..........ccccrcsccccoscccees 205 385 +88 
SPO TIE CTE ete Te ee 85.0 90.0 
Lost gross production, B/D..............:.eeeeeee: 16.3 19.4 +19 
*Daily man-hours. ...........ccsscccccccsscccecsces 2.950 1.044 —65 
Pump changes/year...........csececcecsececescees 5.79 4.33 —3 
SE ree ree re errr 15.64 6.50 —58 
TARE SOU POOE .. 5 «.o.0:0:0.00:00.00:06000cce0nese cases 3.47 ~100 


*MH/D represents total maintenance and repair jobs. 


During Period I, bad tubing fishing job was performed. 








Well; L Zone; O’Connell 





Item 


ee Se 
NN er re ee ert 





Pump 
Pump depth, feet.....5.s0.cccccsevcecesoveseesees 
Pump speed, SPM...........--.seceeeeeceeceerees 


Gross production, B 
Water cut, per cent 


PRs skein sate ndeaasacekenseh 


Lost gross production, B/D.............seeeseeeeee 


*Daily man-hours... 
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Pump changes/year..........2-sececescsscscececes 
ee ete 
Thing 1ODS/ FORT... ...200c0scccccascednsssvecse’ 


*MH/D represents total maintenance and repair jobs. 


Hydraulic type Change, per cent 
I II I—II 
1-1-46 to 12-13-47 12-20-47 to 8-31-48 
H H2b 
1 20’ 
3x14 214x2x30 
6661 7107 
45 6.0 —87 
285 276 —3 
47.0 50.0 
2.0 18.3 +814 
0.358 2.900 +710 
3.59 4.28 +192 
None 9.97 
5.70 $100 


For a matter of interest, a comparison of hydraulic units in this well was made. 


An H@ unit was installed because an H pump could not operate in a 484” liner. 
On 6-22-48, a complete string of new rods was installed in this well. 











ELIMINATE FLAKE 
CAUSTIC DANGER 


WITH 












































Here’s a specially prepared 
mud conditioner that will YB x th 
usual danger of handling and mixing 
your mud treating chemicals. Dry mix- 
ing is eliminated, with its constant 
danger to workmen handling flake 
caustic. —— DIXIE RED MUD 
comes as a li +" line tannate solu- 
tion, ma rom highest quality que- 
bracho and caustic soda. The 

chance for contact with DIXIE RED 
MUD, less reaction if workmen inad- 
vertently come im contact with it. 


DIXIE RED MUD Solutions are 
safer, more convenient and economical. 
Active ‘paredtonts are accurately and 
correctly balanced and reacted for 
greater veness. So, for lower mud 
viscosity, less water loss and cased 
gel strength, use DIXIE RED MUD. 











pete 


718 NORTH DRENNAN, HOUSTON, TEXAS 


Export Representative: HUNT EXPORT COMPANY 
19 Rector Street, New York 6, N. Y. 








Longer Thread Life 


Yinmuc Gray 





TABLE 6. (Continued) 
Well; M Zone; O'Connell 






























Beam type Hydraulic type Change, per cert 
Item I II Tht 
MI seein RSs can calnaad aoe 1-1-46 to 5-18-48 8-20-48 to 8-31-48 
eink cits a ealecn < sicc de ee tees Bae H2a 
2c oh i kc ssava Wcheiacaetic ens ced 60” 20’ 
So oo fii. Naa fis’ d saa SRS era 214x1)4x12 216x134x30 
TT ES 6775 6775 
IIE 5s oo. oes bhp aaleng SR Glee atic o's 15 5.6 —63 
ee ES ee 237 290 +22 
MR PONE. 5 on cok 5 oie cleind 0b vicacasie dw edvwen 10.0 10.1 
Gross production me _— __ ORR | eee rere 6.5 , None 
*Daily man-hours. . , see 0.892 None 
eee changes/year.. 4.20 None 
reaks/year. . 4.20 None 
oo as eas cond ca sinle we None 
*MH/D represents total maintenance and repair jobs. 
Well; N Zone; O’Connell 
Beam type Hydraulic type Change, per cent 
Item I II To 
MN Tetts corrs stss 2 aein alsa ft, Aieeed ap erase 5:0 1-1-46 to 4-5-48 4-9-48 to 8-31-48 
Es as LO aan ciewaxcenededawa Bla H2a 
I eo Soy nr ok, Weenie, | Rae ace ahem araels 66” 20’ 
ee eer dic 2Yox}4x12 214x2x30 
ee Se ' 6808 6801 : 
Pump speed, SPM................ : 19.5 5.0 —T4 
Gross production, B/D.......... i 249 393 +58 
Water cut, percent............. ; 62.0 64.0 
Gross production re — DD. ; 4.1 1.9 —53 
*Daily man-hours. . A ms 249 
Pump changes/year.. Bee kau: 4.42 
Rod breaks/year.............. se 4.42 
Bee eee 0.44 
*MH/D represents total maintenance and repair jobs. 
Well; O Zone; O’Connell 
Hydraulic type Beam type Hydraulic type Change, per cent 
Item I Il “II [it t 
ONES Gt Earn re eee etree 1-1-46 to 5-21-47 7-28-47 to 7-13-48 7-15-48 to 8-31-48 
NR Sn, icra n :hyesas vice Nina ia,areia ns H Bib H2a 
Stroke RE ene eee 18” 66” 20’ 
ree oc ckcacckc ales Vises" we 24x14 214x114x12 214x114x30 
oe depth, at 6976 6633 6590 
Pump speed, SPM 45 17.9 4.2 ~-60 
Gross production, B/D.................. 75 137 153 +81 
Water cut, per cent...................6. 80.0 80.0 78.0 
Lost gross ‘production, a si, enka toss 0.4 23.3 +5120 
co 0.347 3.260 +840 
Pump changes/year...................4- 2.89 11.41 +295 
ee eee None 3.11 
RET ee 2.16 8.30 +284 


*This well’s history is not long enough for comparison. 
**MH/D represents total maintenance and repair jobs. 
During period II, the well was reperforated and produced from 6562’ for some time. 
Between period I and II, the well was idle for two months. 









COMPOUNDS 

































KANT-GALL 
TOOL JOINT 
COMPOUNDS 






EXCLUSIVE ican LONG-LIFE 
ADRILL COLLAR 

500-TON _ 

SPECIAL MPOUND 


You can always break the joint 
when you use Jimmie Gray Com- 
pounds! That’s because each one is 
engineered to do certain specified jobs 
best! You can depend on their thread- 
protecting film to prevent galling and 
washouts, too. Satisfaction is assured 
thru the famous Jimmie Gray money- 
back guarantee! 


SOLD BY SUPPLY STORES EVERYWHERE 
FORMERLY STANDARD OIL SALES CO. 


PETROLEUM DISTRIBUTING CO. 
BOX 203—HOUSTON, TEXAS 
CHarter 4-5648 














Well; P Zone; O'Connell 




















Beam type Hydraulic type Change, per cent 
Item I II I—II 
MES eh D3 Y cea daitis orotate akc eavats 4-26-47 to 6-15-47 6-17-47 to 8-31-48 
CS ccd ng es ncs shies rhchaan cease weaies te Bib H2a 
ey ec hc 2a cua aioe ease y 2 
RT Ste a eae, 214x184x12 214x231 
Som rene Orr rte ee ee 6667 6667 
ee peer were 18.0 6.0 —67 
ee eS eee 412 436 +6 
NS er ee 31.0 31.8 
Lost Gross ee SE, a f 4.0 29.3 +583 
ANS Sia clos is)5:5 iv 0:0 @,r,cr0d ba Sw ors, pee cisn 941 1.065 +13 
TT CET LT re 3.98 +100 
SINE, cliesi.s 'o's\ss ele giecatksa-va wis tip citi peapaiectbie 7.96 +100 
INOS as nas no eis spots rniary SissSiebidipr casera 
*MH/D represents total maintenance and repair jobs. 
Well; Q Zone; O'Connell 
Beam type Hydraulic Beam Hydraulic type Change, per cent 
- type type ges 
Item I Il III Vv Vv VI I—II _I-V I—VI V—VI 
ee 5-21-46 to 3-11-47 to 9-23-47to 10-8-47to 11-5-47 to 1-26-48 to 
3-9-47 9-22-47 10-7-47 114-47 1-17-48 = 8-31-48 
Pump unit......... Bib Bib H3 Bib H3 | H2a 
(E ~ nd (Experi.) 
Stroke length...... 66” 10’ 66” 10’ 20’ 
NR roan oe cscrace a - 226xl94x0 ages “oe Sn 214x2x30 ea 
Pump depth, feet... 6666 6760 
Pump speed, SPM. . 21.5 0.0 he “0.0 6.0 "hs —7 —72 —72 
Gross prod., B/D.. 453 456 406 343 477 516 +0.7 +5 +14 +8 
Water cut, per cent. 30.0 27.0 28.1 28.1 29.3 7. > ; 
Lost gross prod., B/D 7.8 23.3 69.6 8.6 43.1 7.5 +200 +456 -—3 —83 
*Daily man-hours... . 0.805 2.085 5.220 2.640 2.480 0.745 +159 +208 —8 —70 
ae ay lal 4.98 7.45 26.1 13.1 +50 —100 —100 
Rod breaks/year. . 33.5 24.7 4.97 +100 +100 +100 —80 


*MH/D represents total maintenance and repair jobs. 
This well was cleaned out between period I and II. 


= — 
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D> > , Ten strong spring staves . . . 3/ 16" thick x1 
w . riveted to the rugged end rings of the ta 
traliz keep your casing in “bulls-eye” position in the 
.. . They center. your pipe with four times the strength 
of an ordinary centralizer because there are twice the 
“number of staves and each stave, due to its shorter arc, 
has twee centering strength. Larkin’s 10 staves work 8 





































The a ‘stove position provides 10° points 
contact, and a much greater peripheral bearing on 
wall of the hole. Casing may be rotated while the cen- 
tralizer remains stationary .. . no damage to tool or well 
bore. The Larkin Centralizer is always pulled, not 
pushed, through hole restrictions. 

Always specify a Larkin Centralizer “ . . . THROUGH 
YOUR SUPPLY STORE.” 


-VI 
Easy to install. Just slip on 
and plug-weld the lugs inside 
end rings as shown. “Tailor- 
. made” to hole size. No on-the- 
7 - Through Your Supply Store 3 job adjustments necessary. 





LARKIN PACKER CO., INC. oa ST. LOUIS, MO. 















units seem generally to require the ex- 
penditure of somewhat fewer man- 
hours, the difference is not as great 
as would be anticipated from the rela- 
tion between pulling frequencies for 
the two types of units. This discrep- 
ancy is largely due to the relatively 
large number of man-hours expended 
in repairing the hydraulic units. Since 
these units are relatively new in the 
oil fields, it is anticipated that repair 
costs will decrease as the design of the 
units is perfected and as field per- 
sonnel become more familiar with this 
type of equipment. 













Conclusions 


In evaluating the data shown in 
Tables 5 and 6, it must be remem- 
bered that in many wells other 
changes were made at the same time 
that the hydraulic units were installed. 
These changes undoubtedly affect the 
comparative performance of the two 
types of units. For instance, increased 
plunger size and increased pump 
depth might be expected to affect the 
pulling frequency adversely while the 
replacement of a rod string might be 
expected to reduce rod failures irre- 
spective of the type of unit involved. 


Despite these uncertainties it is 
thought that the results of these com- 
parisons have at least limited signifi- 
cance. On the average it appears that 
rod failures were reduced 25 per cent, 
pump changes 50 per cent and total 
repair and maintenance man-hours 26 
per cent by the installation of hy- 
draulic pumping units. 

It can be concluded from this study 
that hydraulic units are still to some 
extent experimental, since it seems 
likely that packing design and revers- 
ing mechanisms could be improved. 
On the whole, however, the units per- 
form satisfactorily under rather ad- 
verse conditions. The principal ad- 
vantage seems to be the long stroke at- 
tainable, which makes possible the use 
of slower speeds. This combination of 
stroke and speed makes it possible to 
pump greater volumes from some 
wells, particularly if it is necessary to 
pump appreciable volumes of gas 
along with the oil and water. 
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Well; R= Zone; Clark 
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Hydraulic type Change, per cent 
Beam type = 
Item i II III IV I—II I—III I~iy 
Se eee 1-1-46 to 4-21-46 to 10-10-46 to 6-27-48 to 
H 4-17-46 9-29-46 6-26-48 7-31-48 
Pamn unit.............. B3 B3 H2a H2¢ 
— Io cisikis:icine vt, 96” 20’ F 
idea o:5 0:6. 0.0i0'0 214x14x15 2x144x15 216x114x31 214x114x31 
Pump depth, feet........ 21 7913 7878 sr 
Pump speed, SPM....... 15 15 6.0 6.0 —60 —Ad 
Gross production, B/D... 245 190 273 258 —22 +11 +5 
Water cut, per cent...... 50.2 32.0 38.7 56.3 
Lost gross production, B/D 26.4 11.7 12.5 36.8 —56 —53 59 
*Daily man-hours......... 3.510 1.085 1.672 2.630 —69 -—52 —25 
Pump changes/year...... 6.82 4.51 2.34 —34 —66 —100 
Rod breaks/year......... 34.1 **9.0 7.59 16.6 —4 —73 —5l 
Tubing jobs/year........ 0.58 5.53 +100 +100 
Unit repairs/year........ 13.65 1.75 —100 —10 
Total jobs/year.......... 47.7 13.51 12.85 22.1 —72 -—73 —54 
*MH/D represents total maintenance and repair jobs. 
**Some new rods were put on the rod string during this period. 
Well; S Zone; Clark 
Hydraulic type Change, per cent 
Beam type cata 
Item I II Ill IV I—II I—IlI I—Iv 
yo er *1-1-46 to 5-5-46 to 9-21-46 to 3-22-47 to 
; 4-30-46 9-20-46 3-21-47 8-31-48 
ee Bia H2a H2a H2a 
ae 2 20’ 20’ 20’ 
Ee 2Yoxlloxl2 =—s-:244x1 34x27) gx 14x27) 216x114x27 
Pump depth, feet............. 7089 7906 7239 7177 
Pump speed, SPM............ Lt § 5.8 5.5 5.6 —66 —68 —67 
Gross production, B/D........ 245 220 247 285 —10 +1 +16 
Water cut, per cent........... 53.9 64.0 63.5 56.0 
Lost gross production, B/D.... 1.4 8.9 23.1 7.0 --517 +1515 +3890 
**Daily man-hours.............. 0.067 .720 3.100 812 +975 +9530 +1112 
Pump changes/vear........... 2.63 10.00 1.38 +100 +100 +100 
Rod breaks/year.............. 2.63 24.00 1.38 +100 +100 +100 
Tubing jobs/year............. 4.00 1.38 +100 +100 


*This period is very short for fair comparison. , 
434” rods were replaced by new rods during this period. 
**MH/D represents total maintenance and repair jobs. 








Well; T Zone; Clark 





Hydraulic type 


Item I 
aN a Tg 1-1-46 to 3-21-47 10-25-47 to 8-31-48 
fo sresesp acassfacpiaidioesid Sisko bbe H3 H3 
a2 cia clas snide waa baeeadpeas me 10’ 10’ 
oe ig acs wu aSiah/t blo und ca woaien 2x114x20 2x114x20 
TOD oo. le.5.0'0'5.0 + 0:0 a titavbine. ssa bccceere 6836 7205 

ES. Sr isp sssesiarn edness 6.5 7.0 
Gross production, B/D........ srsfayteslases srateyecentss 111 100 
ee ee eee 75.0 85.5 
Gross production loss, B/D.................... 8.2 10.8 

STI os 508 62s soaks ohorsneesion 1.415 1.102 

ION 6. ooo on .0-06 6.80: i6d00ssinee'es 7.38 4.68 
IMR pr cay Scien ioameenainn yesh 8.20 1.17 
NEI Pines h.ccaccavedcsvaeciees® 0.82 


*Not enough record obtained in this well for comparison; between periods well remained idle. 
**MH/D represents total maintenance and repair Jobs. 


*Change, per cent 








Well; U Zone; Clark 








Hydraulic type Change, per cent 
Item I II Ill I—II I—III 
OR Se acne eee *1-1-46 to 1-29-47 2-7-47 to 8-19-47 8-27-47 to 8-31-48 
Ee re ee H H Hah 
RRR RR ARe Venere 18” 18” F 
EGS RRR cae as a eee 34x14 316x114 214x2x30 
een eee ee 7228 7585 7917 
AL ese 50 50 4.5 —l 
Gross production, B/D.............. 295 177 310 -40 +5 
Water cut, por ceon$................. 62 80 90 
Lost gross production, B/D.......... 5.3 1.8 22.5 ~-65 +329 
**Daily Man-NOUMS........ 2... .0e sess 0.426 0.577 1.737 +35 +3808 
Pump changes/year................. 2.78 5.64 5.90 +103 +112 
OU OPOREB/ VORP... os cen ec esen 0.98 +100 
"THMMEE PORB/YORT... . 5 os occcscccccces 0.98 


*During the I period, a hydraulic pump operated inside of 654” casing, and during II period it operated inside of 434” 


liner. Between these periods, the well was cleaned out. 
**MH/D represents total maintenance and repair jobs. 








Well: V Zone; Clark 





Change, per cent 
I—Il 


Beam type Hydraulic type 

Item I II 
NS tes oS a x, cnt oe ane ce teamed aeons 1-1-46 to 8-7-46 8-21-46 to 8-31-48 
ES Sanne ere tet res Bib H2a 
NG 652 8s a2 5 onl sa ipa tye Mg Rar ete A SRC 66” 20’ 
ME econ orcs olde cscunmiwlewmecaecee ue 2Yoxi 4x15 214x1384x30 
6625 Sie vice, caersais woe @awetinedses 7847 7713 
I EIN c.5 oitieite's sono ccaaestewancaicuss 16.5 5.0 
MRNMUMMINUIR TALDD. 6 5:50 50sec ices sewsva scone 247 : 288 
OI os oo ks sb crcinnceewinieme pe sawn’ 57.8 65.0 
Gross production loss, B/D... ..............0..eeeees 20.3 9.7 

eS OR rrr rt rer rer ere 3.290 1.242 

NN EOE ET TREE ED 6.66 4.43 
I io55) 55.6. é:a'ss'0b nck cae mauaeebanan es 20.00 2.95 
er Bae os 5.00 0.49 


*MH/D represents total maintenance and repair jobs. 
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Oilfield Pumping Equipment 


The conditions faced by an oil pro- 
ducer in accomplishing continuous 
operation of surface pumping equip- 
ment without frequent attendance are 
outlined. The construction and appli- 
cation of devices to perform routine 
services on oil well pumping equip- 
ment are described and particular at- 
tention is directed toward eliminating 
the services which ordinarily must be 
performed at frequent intervals. The 
need for a preventive maintenance 
program is outlined and the instru- 
ments and tools which may be used in 
such a program are explained. Certain 
devices for use at problem wells are 
discussed, and the value of operating 
procedures which consider routine 
service, preventive maintenance, and 
corrective measures is indicated. 


Propucine crude oil is unusual if it 
is compared with the usual production 
or assembly line of a manufacturing 





*Division Superintendent, Shell Oil Company, 
Long Beach 4, California. 

~Presented at the Petroleum Mechanical En- 
gineering Conference, Amarillo, Texas, October 
8-6, 1948, of The American Society of Mechani- 
cal Engineers. 






FIG. 1. Throttle control actuated by 
intake manifold pressure. 
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industry. The products are fluid and 
can be moved without manual han- 
dling, and there is no control of the 
quality of the product as it issues 
from the ground, on the other hand, 
the “production line” cannot be placed 
in an advantageous location nor ar- 
ranged to make operation simple. In- 
stead, oil is where you find it, and the 
oil producer encounters difficult ter- 
rane, adverse climate, widely spaced 
wells, and varied well conditions 
which pose many problems unique to 
the oil industry. It is the intent of this 
discussion to describe some of the de- 
vices and programs which are effective 
in accomplishing continuous opera- 
tion without breakdown or excessive 
servicing and maintenance costs. 


Oil wells may be considered to fall 
into one of three categories; wells 
which should produce to capacity con- 
tinuously, stripper wells which will 
produce to capacity without continu- 
ous operation, and wells with an allot- 
ment which is less than the productive 
capacity. Of these, the first are of the 
most concern since full time operation 


FIG. 2. Radiator water level float 


control. 


at capacity is necessary if the greatest 
ultimate yield is to be realized, and to 
the cost of making repairs must be 
added the loss that may occur when 
production ceases. Thus the operator 
must select equipment capable of pro- 
ducing the well to capacity with 
enough allowance for normal wear 
that an excess amount of time will not 
be required to replace worn parts, and 
he must also organize a service and 
maintenance routine which will assure 
continuous operation efficiently. 

Continuous operation is not always 
necessary. In some fields the ability 
of the oil sands to give forth their 
contents is so limited that the capac- 
ity may be produced by intermittent 
operation, and careful planning will 
permit this to be done efficiently. If a 
field is produced at a lower rate than 
capacity, intermittent operation may 
be economical, however, the effect of 
a shut-down must be considered since 
many wells will be harmed if water 
enters the producing zone. 

If down time through failure is to 
be avoided, equipment must be kept 





Fig. 3. Crankcase oil level float 
control. 











FIG. 4. Crankcase oil level vacuum 
control. 


in good operating condition and im- 
minent failure should be determined 
before a breakdown occurs. Three 
types of maintenance and repair serv- 
ice are required if the surface equip- 
ment is to be kept in first-class shape: 
routine service at frequent intervals 
to determine that the wells are pump- 
ing properly, to perform miscellane- 
ous services such as adding oil and 
water to gas engines and lubricants 
to bearings, and to gauge production 
rates; preventive maintenance at in- 


FIG. 6. Diagram of automatic counter- 
balance. 
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FIG. 5. Application of graphite im- 
pregnated plastic oil-less bearing. 


frequent intervals to determine engine 
performance and to inspect for worn 
or loose parts which may result in 
breakdown; and repair work as re- 
quired to overhaul engines and re- 
place faulty parts. There is no master 
plan which may be adopted to fit all 
conditions or fields, but if adequate 
preventive maintenance is inaugurated 
and devices are installed to do as much 
of the routine services as practical, it 
will be found that the time and work 
involved in pumping and down-time 






FIG. 7. Preventive maintenance check list. 


from failure will be relatively small. 
There are a number of devices which 
have been developed to perform vari- 
ous services on oil well pumping 
equipment, and they are listed with a 
brief description of their construction 
and function without regard to the 
novelty or desirability of exact appli- 
cation. 


Speed Regulation 

If the maximum production is to be 
realized without excessive over-pump- 
ing, close speed regulation is neces- 
sary. Electric motor drives pose no 
problem other than proper design, 
since the induction motor is essentially 
constant speed. They do have the dis. 
advantage that the speed cannot he 
readily adjusted to changing condi- 
tions. Gas engines equipped only with 
maximum speed governors need fre- 
quent checking; the throttle must be 
adjusted manually to the desired speed 
and the setting may tend to change 
over a period of time. Also, until 
stable pumping conditions are 
reached, return trips to adjust the 
throttle may often be necessary. A de- 
vice known as a “Vacontrol” has been 
developed to correct this. The “Vacon- 
trol” is a throttle control actuated by 
the intake manifold pressure. It con- 
sists of a cylinder piped to the intake 
manifold, and a piston connected 
through a linkage to the throttle. An 
adjustable spring controls the move- 
ment of the piston, and a lag valve 
placed between the cylinder and the 
intake manifold dampens the fluctua- 
tions in pressure which tend to make 
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FIG. 8. Horsehead cable secured with 
wire line clamps. 


the control surge. An idling screw 
and manual control lever complete 
the assembly. 

It is the purpose of the control to 
adjust the throttle by the load instead 
of by the speed as is done with a con- 
ventional governor. In normal opera- 
tion the spring is adjusted so that 
when the plunger is at the extreme 
end of its travel, the throttle for pull- 
ing the maximum load expected is 
obtained, thus any reduction in load 


will reduce the throttle. If the load is 
properly balanced, there will be no 
movement of the throttle; if not, the 
throttle will be adjusted to load 
changes as they occur. If extreme un- 
balance exists, the lag valve prevents 
the piston from moving rapidly 
enough to keep up with the changing 
load and the engine will die. 

The “Vacontrol” serves four pur- 
poses: 

1. It smooths out erratic motion. 

2. It serves as a safety shut-off 
when the load becomes unduly out of 
balance. 

3. It permits the engine to be de- 
clutched and re-engaged without man- 
ually adjusting the throttle to the 
proper operating speed. 

4. If a well has been shut down and 
must be pumped up (such as occurs 
after a pulling job), the Vacontrol will 
adjust the throttle to the load auto- 
matically until stable conditions are 
reached. This avoids return trips to 
the well to adjust the engine speed. 


Lubricating and Cooling Systems 
The regularly equipped gas engine 
requires frequent additions of oil and 
water. When the work is performed 
manually, there is a tendency to over- 
fill the crankcase, which is wasteful in 
itself, and although the time involved 
in servicing one engine may be small, 
collectively a number of engines con- 
sume a surprising amount of time. A 
practice which is becoming wide- 
spread is the storage of adequate 
amounts at each engine so oil and 
water can he added automatically. 


FIG. 9. Crankcase oil analysis chart. 
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maintaining constant levels. There are 
suitable float valves available for this 
purpose; one of them suitable for the 
control of water in the radiator is a 
humidifier control valve which is snap 
acting and self cleaning. Working 
parts of the valve are above the water 
level to reduce corrosion and scale 
accumulation. An oil float valve has 
been developed specifically for main- 
taining an accurate oil level, equipped 
with a screen filter, visible sludge 
chamber, sight glass, and vacuum 
breaker for engines which operate 
with a vacuum in the crankcase. 

Another type is a vacuum controlled 
oil level regulator. It consists of an 
air tight drum, piped from the bottom 
to the engine crankcase. An air vent 
tube connected to the top is adjusted 
so its free end touches the oil at its 
proper level. When the level drops 
below the vent tube opening, air is 
admitted to the top of the drum, al- 
lowing oil to drain into the crankcase 
until the vent tube opening is closed 
by the oil surface. Vacuum from the 
intake manifold connected to the top 
of the drum, with a restrictor, draws 
a very small quantity of air continually 
through the air vent tube. This com- 
pensates for atmospheric temperature 
changes and draws any excess of oil 
which might find its way into the 
crankcase back into the drum. 

Such devices, and the storage of an 
adequate quantity of lubricating oil 
at the well, eliminate the time-consum- 
ing addition of oil and water at fre- 
quent intervals and tend to reduce oil 
consumption and contamination. 


FIG. 10. Radiator shutters. 



















FIG. 11. Thermally controlled variable pitch fan. 


Bearings 

Properly designed bearings in the 
pumping unit may go without service 
for long periods of time if an adequate 
oil reservoir is built into the bearing 
assembly and oil seals are maintained. 
\ bearing requiring no lubrication 
has been used in some areas with 
success. It consists of a graphite im- 
pregnated plastic block with a long 
fibre asbestos binder, molded under 
6000 psi. Its compressive strength is 
some 11,500 psi determined on a 3-in. 
unsupported cube, and it has a Brinell 
hardness of about 84. Some of these 
have been in use for eight years with- 
out failure or measurable wear, their 
particular use in oil field equipment 
being confined to the overhead mem- 
bers such as the upper pitman and 
sampson post bearings which are diff- 
cult to lubricate. 


Automatic Shut-Offs 


if a pumping unit is to operate with- 
out frequent service and inspection. 
safety devices to shut the unit down in 
the event of failure are as necessary 
as devices to eliminate frequent lubri- 
cation. Electric motors may be pro- 
tected with overload heater relays, al- 
though a more foolproof and sensi- 
tive device is the “Thermoguard” 
which consists of a thermostatically 
operated switch built into the motor 
winding. It has the advantage of 
breaking the circuit if the motor itself 
overheats from any reason such as 
fire or “single phasing.” 

Gas engines may be protected by oil 
pressure and thermostatically con- 
trolled switches which shut the engine 
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down in the event necessary engine 
auxiliaries fail. Other shut-offs, such 
as inertia switches on walking beams 
and pressure operated switches on air 
counterbalance units, are also avail- 


able. 


Stripper wells which operate part 
time may be shut down by clockwork 
if they may be operated on a fixed 
schedule. Another device which has 
found some application consists of a 
bucket on a switch lever hung under 
the outlet of the flow line. A small 
hole in the bottom permits oil to flow 
out, but at a slower rate than it enters 
if the well is pumping. When the well 
pumps off, the bucket empties and 
opens the switch controlling the prime 
mover. 


Automatic Starters 

Stripper wells which operate part 
time may be started by clockwork if 
they are pumped electrically. In gen- 
eral, a group of wells operated under 
this system should be operated on a 
staggered schedule in order to keep 
the power demand low. 


Power failure, even for short dura- 
tion, will shut down an electrically) 
operated lease. If the linestarters are 
connected to start the motors when 
the current comes back on, the high 
starting currents may be too severe 
for the power system. To prevent this. 
delay switches must be used. Several 
types are available. Among the more 
common are motor driven cams. dash- 
pots, and thermostats. In each. the 
principle is to delay the application of 
current to the holding coil for a pre 
determined time after the circuits have 


FIG. 12. Fully equipped tool truck. 


been energized. No known attempts 
to start gas engines automatically have 
been made. It is doubtful that auto- 
matic engine starting will ever find 
much application, since shut downs 
usually indicate trouble in the unit 
itself. 


Counterbalancing 


The need for proper counterbalanc- 
ing is accentuated if close attention is 
paid to economical equipment selec- 
tion and operation. The need for 
readily variable counterbalancing does 
not appear to be universal, but cer- 
tain wells cause trouble of this nature. 
and it is interesting to note that an 
automatic counterbalance has been de- 
veloped which is easily adapted to any 
air counterbalanced unit. With a gas 
engine prime mover, two chambers 
connected through a timing valve to 
the engine manifold are used. The 
timing valve is actuated so one cham- 
her is exposed to the manifold pres- 
sure during part of the upstroke, the 
other during the counterpart of the 
downstroke. If perfect counterbalance 
exists, the pressures in the two cham- 
bers are equal; if not, a diaphragm 
between the two chambers actuates a 
valve in the air counterbalance svs- 
tem, varying the pressure until proper 
balance exists. If an electric motor 
drive is used, solenoids are substituted 
for the vacuum chambers. One of 
these devices has demonstrated its 
ability to maintain proper balance 
even when the polish rod parted. 


Trouble Calls 


It would be ideal if it were never 
necessary to visit a well which was 
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load distribution across the width 
of the chain has been main- 
tained. 



































J 
H 5 E-Z-ASSEMBLY i F 
rc Link-Belt Engineers have devel- F <0 
$F oped a construction that makes ‘0 3ln 
§ oe assembly and disassembly of Fae als 
3% 9 multiple width chains in the field 9! 5 
\ < much easier. The press fits be- - -< 
\ = tween chain pins and center side- $ $ 2 
\ 2 bars have been eliminated, but 


Compound drive for Turney Rig 
1250. Link-Belt Silverlink Roller 
Chains are completely enclosed 
in dust proof forced-feed oil 
bath. 


Tunney mes use LINK-BELT 


ROLLER CHAINS ... AS Standard Equipment! 


Today's high-speed drilling, heavier loads and greater depths have 
made Link-Belt Silverlink Roller Chain the first choice of oil operators 
and equipment manufacturers. 


That's why Turney now uses Link-Belt Silverlink as standard equip- 
ment on their Super 1250 Rig. On their power drive assembly you'll 
find two 1%” pitch RC-120-4 quad chains on the compound. . . one 
2%” pitch RC-200-3 triple chain and one 1 ¥2” pitch RC-120-6 sex- 
tuple chain on the input transmission drives . . . as well as other Link- 
Belt chains. 


The compound drive shown here was recently built by Hunt Tool 
Company for the Turney Manufacturing & Engineering Company. It is 
now being used by a major oil company to power a Turney rig drilling 
an off-shore well. And everyone — including Link-Belt—is proud of 
the job! 


When you decide it's long life with low maintenance you're after — 
always specify Link-Belt as your standard equipment. It’s been helping 
to make hole in fields around the world since the advent of rotary. 


Roller 
| Chain 


Serves the Oil Industry 


- md an ‘ LINK-BELT COMPANY 
Enclosed : Thien suis. shale FS Silent Chain ’ 
ao tel | A iaten {3)' % Indianapolis 6, Dallas 1, Houston 2, Kansas City 6, Mo., 


& So \ \. | Los Angeles 33, New York 7, Toronto 8. 
ae a my 
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performing properly. Achievement of 
such a goal in the near future does not 
appear likely, but an approach lies in 
radio transmission, which has been 
tried in certain areas. Transmission of 
all performance data would be quite 
complex, so efforts have been confined 
to the transmission of poor perform- 
ance. An arbitrary selection of stand- 
ards is made, and transmission occurs 
only when the standards are not main- 
tained. The signal transmitted only 
indicates that failure has occurred and 
that a visit to the well is necessary. 


The equipment has three com- 
ponents: an initiator such as a pres- 
sure gauge with electrical contacts set 
at the upper and lower limits of satis- 
factory values; a transmitter having a 
erystal controlled oscillator and a 
tone modulator; and a crystal con- 
trolled super-heterodyne receiver 
equipped with decoding and indicat- 
ing devices. The keying mechanism in 
the transmitter is automatic in its 
cycle. which requires a maximum of 
five seconds, and 400 combinations of 
pulses. are possible. The short trans- 
mission time and remote likelihood 
that two wells will fail simultaneously 
allow as many as 400 wells to be con- 
trolled. The receiver, with its filters, 
relays, and decoding devices, may 
signal with lights, buzzers, or graph- 
ically. ie 

Such radio transmission has been 
used to indicate pressures at flowing 
wells and gas engine performance 
sucessfully, and offers promise in ‘con- 
trolling wells which are subject to 
failure when conditions change. 


Preventive Maintenance 


|f pumping equipment is to operate 
without failure, a well planned pre- 
ventive maintenance program must be 
devised. Particularly, if frequent serv- 
icing is limited to the very cursory 
inspection made possible by the de- 
vices outlined above, the entire mech- 
anism should be thoroughly serviced 
and inspected at infrequent but regu- 
lar intervals. Experience indicates that 
such intervals may be extended to as 
much as two months, although when 
it is realized that a period of 1400 
hours is equivalent to some 40,000 
miles of ordinary automobile opera- 
tion, the need for service that is 
thorough is apparent. 

Preventive maintenance should in- 
clude inspection of all parts of the 
machinery; lubrication of all wearing 
surfaces: adjustment, repair or re- 
newal of faulty parts such as bearings. 
clutches, belts, horsehead cables, and 
ignition and cooling, and lubricating 
systems; testing of engine conditions 
io determine performance; and a re- 
port of all services performed and con- 
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ditions noted to allow an intelligent 
appraisal of the need for major re- 
pairs. The value of a written report 
cannot be overemphasized. It serves as 
a check list to assure that all necessary 
services are performed and at proper 
intervals, reports poor operating con- 
ditions which call for a change in 
equipment, and provides a history 
useful in evaluating performancé and 
need for repairs. A simple service 
memorandum is sufficient, and the de- 
sirability of recording most of the 
services is apparent, however, discus- 
sion-of a few of them with the tools 
used may be pertinent. 


Horsehead Cables 


The usual horsehead cable, babbit- 
ted to the carrier bar, may give consid- 
erable trouble in a corrosive atmos- 
phere if it does not have proper care. 
Periodic lubrication will lengthen the 
life, and a galvanized cable is now on 


‘the market which promises to resist 


corrosion. At best, the wire line adja- 
cent to the babbitted socket is subject 
to early failure due to the effect of heat 
while attaching the socket. One car- 
rier bar now available avoids this. It 
is so formed that the wire line may be 
carried around it in back of the polish 
rod while maintaining a vertical pull 
to avoid bending in the polish rod. 
Thus the horsehead cable may be made 
continuous by joining the two ends 
with wire line clamps. Cables so in- 
stalled are easily replaced, and by 
moving them from time to time, bend- 
ing fatigue in one spot may be reduced 
and the life increased. 


Fuel Adjustment 


The carburetor adjustment is quite 
important. On natural gas, an engine 
with a lean mixture sounds smooth 
and sweet, but it will be found that the 
excess oxygen and high cylinder tem- 
peratures will burn valves and oil and 
clog the ring slots. Temperatures may 
be reduced appreciably, avoiding this 
trouble, if the carburetor is adjusted 
to an air-fuel ratio of about 12.8 to 1. 
An exhaust gas analyzer is the most 
practical method of determining this. 
One of the types which is rugged and 
easy to use is an instrument using the 
thermal conductivity principle. In 
this, two spirals of platinum wire are 
enclosed in separate cells encased in 
a solid metal block to insure equal 
temperatures. One cell is filled with a 
standard gas with known character- 
istics. The exhaust gases are passed 
through the other cell. Each coil forms 
one arm of a Wheatstone Bridge 


_through which a constant current 


flows, heating the spirals. The loss of 
heat through the gases surrounding 
the spirals is dependent on the thermal 
conductivity of the gases, so by meas- 


uring the resistance the temperatuie 
difference may be determined which 
is a measure of the difference in 
thermal conductivities. The air-fu-] 
ratio is proportional to the thermal 
conductivity so the Wheatstone Bridye 
galvanometer reading is a direct in- 
dication of the mixture. 


Engine Performance 


The speed of the engine is meas- 
ured to determine if it lies in the opii- 
mum range, and from vacuum read. 
ings the horsepower may be 
determined. The finest maintenance 
program will be of little avail if ev- 
gines are not properly loaded, and 
improper application may be the key 
to many engine failures. 


The water temperature, oil tempera- 
ture, oil consumption, and compres- 
sion values are excellent guides to en- 
gine wear. Another tool with consider- 
able value is a periodic analysis of the 
crankcase oil. Samples are withdrawn 
from the bottom of the crankcase and 
analyzed for such properties as vis- 
cosity, sludge, water content, and for- 
eign matter from which may be deter- 
mined high piston temperatures, 
clogged oil ring slots, dirty air clean- 
ers and oil filters, contaminated oil 
can measures, improper ignition, bear- 
ing wear, and high and low crankcase 
operating temperatures. Such a serv- 
ice provides an excellent control but is 
of greater value to the mechanic who 
uses it intelligently as a tool. One value 
of such analyses is indicated by the 
experience that many engines operat- 
ing under optimum conditions have 
not required repair or an oil change 
in more than two years when depend- 
ence has been placed on service rec- 
ords and oil analyses. However, of 
more value are the number of engines 
which have been discovered with seri- 
ous faults which undoubtedly would 
have broken down had dependence 
been placed only on a cursory inspec- 
tion and service. Oil analyses may also 
be applied to gear cases to determine 
oil contamination and wear of bear- 
ing surfaces, 


In spite of proper application of 
gas engines, problem wells and con- 
ditions will invariably be encountered, 
one of the most serious of which is 
temperature variation in the crank- 
case, leading to condensation and con- 
tamination of the lubricant. This con- 
dition is often found where equipment 
is subject to climatic variation, and 
several devices have been developed 
to assure a more uniform temperature. 


Radiator Shutters 


Radiator shutters control the sup- 
ply of air to the radiator and are 
usually operated by a vacuum cylinder 
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through a thermostatic relay mounted 
between the engine head and radiator. 
They are quite effective in maintain- 
ing a uniform temperature around an 
engine which is properly housed. 


Thermally Controlled Fans 


Thermally controlled fans have 
found considerable application. One 
type depends on thermal power to 


vary the pitch of the fan blades in ' 


accordance with the temperature. 
Thermostatic materials confined in a 
cup act directly on a piston to create 
the power to control the blades, and 
no relay or outside source of power is 
necessary. The fan pitch may vary 
from zero to thirty-five degrees, and 
in addition to the temperature control 
afforded, fan horsepower may be re- 
duced at times with some saving in 
fuel. Another type is essentially an 
electric clutch. The rotating speed of 
the fan varies according to the elec- 
tric current in the field which is ther- 
mostatically controlled through a re- 
lay. A source of direct current is neces- 
sary for this device. 


Vapor Phase Cooling 


Vapor phase cooling was designed 
to eliminate hot and cold spots around 
the cylinder walls. The jacket water is 
maintained at or near 212 F and heat 
is withdrawn from the engine by 
flashing the water into steam at its 
exit from the engine, condensing it to 
water in the radiator, and recirculat- 
ing it at a temperature near boiling. 


Jacketed Crankcase 


In order to obtain more uniform 
temperatures, crankcases have occa- 
sionally been jacketed to be included 
in the cooling water system. It is un- 
derstood that this has been found par- 
ticularly useful in areas where con- 
tamination of lubricating oil from the 
fuel is experienced. 


Since wide spacing and remote loca- 
tions are conditions usually faced by 
the oil producer, traveling time and 
transportation of materials are major 
factors in any service program. Fur- 
thermore, it is recognized that any 
successful maintenance program must 
be directed toward both preventive 
and corrective measures. It is not de- 
sirable to spend much time on equip- 
ment that is operating properly so the 
preventive phases should be made as 
routine and simple as possible. Pro- 
Vision of tool trucks or even small 
traveling shops especially designed for 
the purpose will simplify the routine 
portion of the work, and adequate 
aid properly arranged tools and re- 
ir parts on the job may avoid long 
'\ps to find parts. 

Yaphazard installations of special 
‘vices on all pumping units would 


—~— «4 








not be sound, nor would the inaugura- 
tion of a preventive maintenance pro- 
gram without both consideration of 
the conditions involved and the bene- 
fits to be gained. The cost of inspec- 
tion and preventive maintenance must 
be balanced with the cost of down- 
time and repairs avoided, and each 
area must be properly evaluated. It 
has been demonstrated that even in 
fields where complex conditions exist 
and mutiple sizes and types of units 
are used, pumping service of 40 to 60 
wells per man is within reason. Also a 
preventive maintenance program un- 
der the same conditions can be carried 



























HUBER ROTATING 
ROD HANGER 


This rod hanger rotates the 
rod string a fraction of a turn 
on each reciprocation. Two 
ratchet levers, operated by a 
flexible cable extending from 
the walking beam, engage the 
teeth in the turntable to turn 
the rod string. 


Sold through supply stores. 





out at the rate of 50 units per man 
with 20 per cent of his time allowed 
for corrective measures and emer- 
gency repairs. It is emphasized that 
any program should be directed to- 
ward corrective measures; repairing 
a failure is usually more expensive 
than correcting a fault. Preventive 
maintenance can be made routine 
whereas failures are unpredictable. 
and if primary work is routine more 
attention can be directed to the cor- 
rective measures which in the end will 
assure the producer of a steady, eco- 
nomical operation without costly fail- 


ure. *k* 


WHAT ARE YOU PAYING. 


FOR PARAFFIN 
REMOVAL 


TOO MUCH — If your pump- 
ing wells are not equipped 
with HUBER SCRAPERS 


Many major companies report 
Huber Scrapers have com- 


* 


pletely eliminated paraffin re- 
moval costs or reduced them 
to only a fraction of a cent 
per barrel of oil produced. 
Huber Scrapers, shrink- 
fitted to new or used suck- 
er rods, scrape the par- 
affin from the tubing 
wall as the string rotates 
and reciprocates. Rods 
are rotated by the spe- 
cial Huber Rotating 
Rod Hanger. 
Reduce or eliminate 
your paraffin re- 
moval costs with 
Huber Scrapers. 
Write for latest 
bulletin. 


J.M. HUBER CORP. 
P. O. Box 831 


, BORGER, TEXAS 


A\\ 


PARAFFIN SCRAPERS 






SCRAPE AS THEY ROTATE eS 
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The Place of the Engineer 
in the Drilling Industry" 


GEORGE P. LIVERMORE? 


My subject “The Place of the Engi- 
neer in the Drilling Industry” was 
more or less picked for me, but I am 
glad they did not specify what kind 
of an engineer. I realize a great many 
of you in this meeting today are pe- 
troleum engineers and there may also 
be some mechanical engineers, and it 
is natural for you to assume that there 
is a place for you in this industry, 
but in all probablity the majority of 
you will enter the oil industry through 
the production industry and not 
through the drilling industry. How- 
ever, should you consider the drilling 
industry, one of the first things that 
you will think of would be “What 
kind of an industry is this?” 


This year it is estimated that the 
oil industry will spend two billion 935 
million 846 thousand dollars! for the 
drilling and producing of oil. In the 
United States today we are produc- 
ing an average of 5,500,000 bbl of oil 
per day. This year the production de- 
partment, in order to produce the oil, 
will spend $620,000,000. For the 
drilling of new wells in proven fields 
and for wildcat and exploratory wells 
the drilling industry will spend 2, 
billion dollars. This means that of all 
of the money spent by oil companies 
for the drilling, development and pro- 
ducing of oil this year, 3714 per cent 
wil be spent in the production depart- 
ment and 6214 per cent will be spent 
in the drilling department. There will 
be drilled 136,000,000 ft of new hole 
with an average cost per foot of 
$21.10. This cost being divided into 
wildcat costs of $28.35 per ft of hole 
drilled and a development expendi- 
ture for producing wells of $11.90 per 
ft of hole drilled. 


On December 1 of this year there 
were approximately 3600 drilling rigs 
in operation in the U. S. Of this num- 
ber 2410 were rotary drilling rigs 
and the balance of 1200 were cable 
tool rigs. It is estimated that we will 
drill over 40,000 wells this year. Of all 


*Excerpts from the paper presented at the 
Joint Meeting of the Texas Sections, American 
Institute of Mining & Metallurgical Engineers, 
University of Texas, Austin, December 16-17, 
1948. 


+George P. Livermore, Inc., Lubbock, Texas. 
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these wells drilled in the United States, 
82 per cent are drilled by independ- 
ent drilling contractors, and 18 per 
cent are drilled by company owned 
tools. Another thing that you might 
keep in mind in analyzing the im- 
portance of this industry is that for 
every 1000 bbl of oil produced, we of 
the drilling industry must drill 64 ft 
of hole if we are to maintain our cur- 
rent production. With the amount of 
money being spent, and the size of 


- this industry, it is amazing to note 


the scarcity of engineers employed. 
We undoubtedly have the question- 
able distinction of being the largest 
mechanical industry in our modern 
economy employing the fewest num- 
ber of engineers. 

It might be appropriate at this 
point to set forth some of the educa- 
tional requirements of an engineer 
planning to go into the drilling in- 
dustry. He should, of course, have a 
thorough grounding in the funda- 
mentals of engineering which include 
mathematics, physics, mechanics, hy- 
draulics, therma-dynamics, chemistry, 
English, etc. In addition to these fun- 
damental courses that are necessary 
to any engineer, a man preparing 
himself for work in this industry 
should, in addition, have specialized 
courses directed primarily at the prob- 
lems to be encountered in the tech- 
nology of the operations of the drill- 
ing industry. Such specialized course 
should include sufficient geology to 
make him conversant with the work of 
the geologist on the well. It should in- 
clude sufficient reservoir engineering 
to permit him to understand the prob- 
lems of the reservoir engineer and to 
prepare him to properly and _intel- 
ligently handle completion problems 
and understand the importance of 
early information obtained at the time 
of completion of the well. He should 
have sufficient work in production en- 
gineering to permit him to be con- 
versant with, and intelligently handle, 
any problem related to the equipping 
of the well after completion. He should 
have a firm grounding in mechanical 
engineering courses relating to power 
generating and transmission equip- 
ment, for a drilling rig is above all 
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things a power plant of some coin. 
plexity. 

It would seem in order now to point 
out that the universities cannot, and 
we of the drilling industry do not ex. 
pect them to, supply us with finished 
a In this respect the drilling 
industry is no different from any otlier 
industry employing engineers, and 
we realize that our industries must 
share the burden of the universities in 
training a man to the level on which 
he can correctly and justifiably be 
classed as an engineer. We realize tiat 
there are two phases to the education 
of a drilling engineer. One being the 
technical part of his education; and 
the universities are equipped to ad- 
minister that portion. However, upon 
graduation, he is only half of an en- 
gineer, and generally totally lacks ihe 
practical and the application phases 
of his education. Therefore, upon 
graduation we should be prepared to 
take over that part of the education 
of the engineer and supply him with 
the vast and detailed practical experi- 
ence of our total operations. This ex- 
perience and training should begin on 
the roughneck level and go through 
every phase and operation encoun- 
tered in the field. It is only through 
such broad experience that the drill- 
ing engineer in training will acquire 
the detailed knowledge of our opera- 
tions that will lead to the development 
of his judgment and so-called common 
horse-sense, that are so necessary to 
his development and effectiveness in 
the ultimate supervision of our opera- 
tions. 

When the drilling engineer in train- 
ing has become familiar with and 
mastered every operation encountered 
on the roughneck level, when he has 
earned the respect of the other men on 
the crew, and gained their coopera- 
tion, he is then ready to be introduced 
to the operation of the rig. With a little 
such transitional training he is then 
ready for the job of driller. This will 
be his first supervisory job and if he 
is to be successful in this position, 
the rest of the crew must respect his 
judgment and abilities and he will 
only have that respect if he has earned 
it in the lower grades of work. 


. When the drilling engineer in train- 
ing has had enough experience in the 
position of driller to justify his further 
advancement, his basic field training 
period will have been completed, and 
he will be ready to advance to either 
the position of field engineer or to the 
position of toolpusher. If he should at 
this point choose to go the toolpusher 
route, he will advance in that phase of 
the drilling operation having pri- 
marily to do with the actual drilling 
of the wells. On the other hand, if the 
drilling engineer in training chooses 
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to go from the drilling job into the 
engineering field, his position as field 
engineer would entail the duties and 
responsibilities involving the technical 
aspects of the drilling operations. 

If the field engineer develops prop- 
erly and demonstrates his ability to 
handle all of these duties and more, 
he would then be in line for promo- 
tion to the position of drilling super- 
intendent. At this level his course of 
advancement would converge upon 
that of the engineer in training who 
had chosen the toolpusher route, as 
that man would also be in line for 
promotion to the position of drilling 


position of drilling superintendent 
would ultimately be filled by a man 
with an engineering training and com- 
mon experience up to and through the 
level of driller, but with slightly dif- 
ferent experience between the position 
of driller and drilling superintendent. 

This position of drilling superin- 
tendent would be in many respects 
similar to the position of chief opera- 
tions engineer as found in many other 
industries. It would entail all of the 
duties and responsibilities now being 
carried by the drilling superintend- 
ent and having to do with the coordi- 
nation and operation of the physical 


superintendent. In either event, the 


aspects of the drilling operations. This 








Insure Better Cement Jobs 


BEFORE cementing! 











B and W Multi-Flex Scratcher 





P. O. Box 5266, Houston 12, Texas 


B-108 


It’s EASY TO KNOW ahead of time that 
you're going to get a better cement job... 
that you'll avoid need for squeeze cement- 
ing .. . that you'll have a more profitable 
well completion—and at just a fraction of 
the cost of having a cementing failure on 
your hands! : 


First—Centralize the casing with simple, 
easy-to-install B and W Latch-On Centrali- 
zers. Effective casing centering eliminates 
channeling in the cementing zone and 
insures the best possible cementing bond 
between casing and hole wall. Latch-On 
Centralizers are of split hinge construction 
to permit quick, money-saving installation 
on either collared or external upset casing, 
and are made in straight and spiral types 
for all well conditions. 


Second —Remove mud cake with B and 
W Multi-Flex Scratchers installed on the 
casing through the desired cementing area. 
Strong multiple-wire fingers 5’ long com- 
bine strength with reversibility . . . are flexi- 
ble to adapt themselves to hole contour for 
minimum disturbance of the mud cake 
while running in... insure complete mud 
removal during cementing. 


We'll gladly supply full information on 
how you can use this B and W equipment 
for better well completions. Write today. 


! Ulee: 
qoot Hf eM be avoided 


* 3545 CEDAR AVE., LONG BEACH 7, CALIF. 
Export Representative: Champion & Smith, Inc., 617 S. Olive St., 
Plaza, New York 20, N. 


Los Angeles 14, California, 10 Rockefeller 
7. 


logistic control would go down from 
the drilling superintendent to the tool- 
pushers and to the drillers. In adci- 
tion to these now normal duties »f 
the drilling superintendent, the po-i- 
tion now under discussion would al<o 
include the duties of chief engineer 
and technical director and coordinator 
of all matters of an engineering nature. 
This engineering direction and con- 
trol would go down from the drilling 
superintendent to the field enginee:s. 
In addition to the engineering execu- 
tive control going downward, it would 
be the further duty and responsibility 
of this position to receive and to cor- 
relate information and data on field 
operations as gathered by the ficld 
engineers. Upon attaining the posi- 
tion of drilling superintendent, the 
drilling engineer would have his first 
executive position. 


There is probably no phase of the 
oil industry where the need of good 
engineering exceeds that of the drill- 
ing industry. Also there is no branch 
of the oil business where the results 
of engineering, or the lack of results. 
will be shown more quickly than in 
the drilling industry. 


The fact that there is a demand for 
engineers in this field is evident at 
the present time by the activities of 
several junior colleges in the Mid- 
Continent area and in California who 
have set up a two-year course in drill- 
ing engineering. In my opinion this 
is an all too feeble attempt and falls 
far short of the need. These courses 
are littlke- more than trade school 
courses and fail to give the student the 
broad fundamental training that is an 
absolute essential to the man going 
into this work. Various business 
analysts have estimated the mortality 
rate for drilling contracting firms to 
be 97 per cent. With these facts in 
mind it can be of little wonder that 
drilling contractors are reluctant to 
turn their engineering over to a man 
with anything less than the best in 
undergraduate engineering training 
and post-graduate field training, when 
a wrong decision can cost the con- 
tractor a few hundred thousand dol- 
lars or put him out of business. On the 
other hand, if the drilling industry 
had its proper complement of well 
qualified engineers we might be able 
to reduce this mortality rate appreci- 


ably. 


I hope that I have not discouraged 
you too much about the life and op- 
portunities of an engineer in-the drill- 
ing business because we certainly do 
need you. but if we have you, you 
must be good, because if you make 
too many mistakes both you and your 
boss will in all probability be looking 
for another job. kk 
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Various Refinery Applications of 
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Houdriflow Catalytic Cracking” 


Abstract 


The refinery studies are made on 
the basis of processing 10,000 BPCD 
of East Texas crude. The variable 
cases are as follows: 


1. Visbreaking and thermal crack- 
ing the 40 per cent East Texas res- 
iduum. 

2. Tar separating the 40 per cent 
East Texas residuum, and visbreaking 
the 15 per cent East Texas bottoms in 
an integral visbreaker, once-through 
catalytically cracking the tar separa- 
tor overhead and visbreaker overhead 
plus the excess light virgin gas oil. 
The catalytic cycle stock is thermally 
cracked. 

3. Same as (2) except recycle cata- 
lytic cracking without thermal crack- 
ing the cycle stock. 

4. Coking the 15 per cent East 
Texas bottoms plus catalytically 
cracking the tar separator overhead, 
coker gas oil and.excess virgin gas oil. 
Thermally cracking the catalytic cycle 
stock. 

5. Same as (4) except recycle cata- 
lytic cracking without thermal crack- 
ing of the cycle stock. 

6. Vacuum distilling the residuum 
and catalytically cracking the vacuum 
distillate plus excess virgin gas oil and 
thermally cracking cycle stock. 

In all cases the 250 F end point 
straight-run gasoline is used directly 
in the motor gasoline, the 250 F-400 F 
straight-run naphtha is reformed and 
the C* and C* fractions are charged to 
a catalytic polymerization unit. 


Tue petroleum industry is now con- 
fronted with a difficult problem in re- 
gard to the production of distillate 
and residual fuel. The supply of these 
fuels has exceeded demand. The price 
of residual fuel has dropped drastic- 
aliy within the past few months and 
distillate fuel prices are decreasing 
also. In addition the stocks of these 
fuels in storage have risen sharply 

‘Presented before the Thirty-seventh Annual! 
Meeting of the Western Petroleum Refiners As- 
ee San Antonio, Texas, March 28-30, 


Houdry Process Corporation, Philadelphia, 
Pennsylvania. 


= 


and crude runs to the stills have been 
reduced in some refineries for the first 
time since the early part of 1946. A 
survey of the stocks and prices for 
January, 1948 and 1949, indicates 
over 60 per cent increase in residual 
and distillate fuel stocks in storage 
and a decrease in price of from 10 to 
30 per cent. 


G. F. HORNADAY?, H. D. NOLL, C. C. PEAVY’, W. WEINRICH? 


consists of conventional two-coil 
thermally cracking the 40 per cent 
volume East Texas residuum to an 
ultimate yield of motor gasoline. 

2. Vacuum-Distillation. The 40 per 
cent volume East Texas residuum is 
vacuum-distilled to produce an 8.0 
per cent volume asphalt. The vacuum 
gas oil plus the excess light virgin gas 








Comparative oil stocks and prices for 1948 and 1949. 








In storage, million bbl a Price (Gulf Coast) 
Stock 1/15/49 1/17/48 %, Inerease 1/1/49 1/1/48 
Crude..... ROR Fae ae 241 220 9.8 2.65$/B. 2.65$/B. 
Gasoline...... 5 hase Sten a eee’ 109 99 10.6 11.0-13 .5c/Gal. 12.9-13 .5c/Gal. 
eS rae ; 85.6 51.6 66.0 2. 05-2 .08$/B. 2.56-3 .50$/B. 
DGD TED. gc. 5c nv cenacwend 93.1 57.5 62.0 9.0-9.5¢/Gal. 9.0-11.5¢/Gal. 


API Refimery Report and Oil and Gas Journa 








The best available tool for bringing 
the production of fuel oil into balance 
is catalytic cracking. Another factor 
contributing to an increase in crack- 
ing operations is the inrease in octane 
rating. It is not unreasonable to ex- 
pect material increases in octane num- 
bers in the near future, since engine 
designers are experimenting with 
higher compression engines than 
those currently in production. 

The sharp drop in the price of fuel 
oils makes it expedient at this time to 
re-examine the economics of refinery 
cracking operations. 

The purpose of this paper is to re- 
view the economics of catalytic crack- 
ing as applied to several methods of 
refinery operation. The major differ- 
ence in the various operating schemes 
centers in the methods of preparing 
the feed stock for catalytic cracking. 

For the purpose of this study four 
typical methods of refinery operation 
have been selected. These include 
thermal cracking, alone, and combina- 
tions of catalytic cracking with vac- 
uum-distillation, visbreaking, and de- 
layed coking of the reduced crude. 

The processing schemes covered are 
listed below and simplified flow dia- 
grams for these schemes are given in 
Fig. 1 and 2: 


1. Thermal. This processing scheme 
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oil is catalytically cracked, and the 
catalytic cycle stock remaining after 
blending the tar bottoms to No. 6 fuel 
oil specification is thermally cracked. 

3. Visbreaking. The 40 per cent 
volume East Texas residuum is 
charged to a flash tower and the re- 
sulting bottoms is visbroken and re- 
turned to the common flash tower. 
The flash tower overhead stock plus 
excess virgin gas oil are catalytically 
cracked and the catalytic cycle stock 
remaining after blending the tar bot- 
toms to No. 6 fuel oil specification is 
thermally cracked. 

4. Coking. The 40 per cent volume 
East Texas residuum is flash-distilled 
to obtain an overhead fraction and the 
resulting bottoms is coked. The com- 
bined flash tower overhead and total 
coker distillate plus excess light vir- 
gin gas oil are catalytically cracked 
and the catalytic cycle stock is therm- 
ally cracked. 

In order to further this study two 
additional processing schemes were 
calculated to show the effect of re- 
cycle catalytic cracking instead of 
thermally cracking the cycle stock. 
The two additional situations are al- 
ternates for the visbreaking: and cok- 
ing processing schemes and are desig- 


nated 3A and 4A. 
The basic yield data on which this 


C-3 


Deep Rock Modernizes 
Cushing Refinery 


By W. J. Carthaus 


Vice President in charge of 
Manufacturing and Research, 
Deep Rock Oil Corporation 


Tue installation of a 5,000 barrel fluid 
catalytic cracking unit at our Cushing, 
Okla., refinery will be one of the major 
steps in a program of modernization 
and expansion 
which is designed 
principally to pro- 
duce superior qual- 
ity products and 
more cfhciently. Do- 
ing this will enable 
us to satisfy the re- 


ol quirements of any 
—_~ internal combus- 
tion engine likely 


to be produced com- 
mercially for some 


W.J.Carthaus time. 
Deep Rock pio- 
neered in thermal cracking in the Mid 
ee Continent field more than a quarter 


century ago with one of the earliest in- 
stallations of a thermal unit designed 
by Universal Oil Products Company. 
The new fluid catalytic cracking unit, 
which will include a gas concentration 
system and feed preparation facilities, 
is being designed by UOP. 
Single Column Unit 

The cat cracker will follow UOP’s 
improved design with reactor and re: 
generator incorporated in a single 
column. It will produce catalytically 
cracked gasoline, domestic burner oil 
and cycle stock. In addition, crude 
facilities will be increased through the 
installation of a crude distillation unit. 

The gas concentration system will 
depropanize and debutanize the cata- 
lytically cracked gasoline, and at the 
same time prepare feed stock for the 
catalytic polymerization unit. The feed 
preparation system for the cat cracker 
will consist of a combination of vis- 
breaking and vacuum distillation de- 
signed to give maximum flexibility. 

It is interesting to note that the in- 
stallation of the cat cracker will not 
mean the retirement of the thermal 
cracking plant from service, although 
its operation will be modified. 

The present thermal cracker is a two- 
coil unit with rated capacity of 5,000 
barrels per day. Under the new set-up 
the heavy oil heater will be converted 
to vis-breaking service as part of the 
cracker’s feed preparation system and 
the light oil heater will be changed for 
single coil operation to crack the heavy 
cycle stock from the cat cracker if that 
should prove desirable, as well as any 
other available cracking stock. 

To Double Poly Unit 

We have at the present time, a cate 
lytic polymerization unit which proc- 
esses the gas from the thermal cracker. it 

(Advertisement) 
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The Cost Must be Right 
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FIG. 2. Simplified flow diagram for visbreaking 


and coking schemes. 


survey is based were obtained during 
an extensive pilot plant program by 
the Houdry Laboratories, to deter- 
mine the effect of method of stock 
preparation on the catalytic cracking 
characteristics of the resulting stocks. 
During this laboratory program stocks 
were prepared from East Texas re- 
duced crude by coking, vacuum-dis- 
tillation, and by visbreaking to vari- 
ous severity levels. These stocks were 
cracked in a pilot catalytic cracking 
unit. Gasoline and fuel blends were 
prepared and tested. 

In the economic study, the crude 
charge is assumed to be 10,000 
B.P.C.D. of East Texas crude. The 
crude is distilled to obtain a 250 F 
E.P. straight run gasoline, a 250-400 
F straight run naphtha, a light gas oil 
for diesel or No. 2 fuel, and a 40 per 
cent volume residuum. The 250 F E_P. 
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straight run gasoline is used directly 
in the final motor gasoline blend. The 
250-400 F naphtha is thermally re- 
formed to obtain a 70 octane distillate. 
It was assumed that 1000 B.P.C.D. of 
light gas oil goes to sales, and the re- 
maining 960 B.P.C.D. is available as 
catalytic cracking charge stock. The 
C, and C, fractions from the thermal 
and catalytic operations are charged 
to a catalytic polymerization unit to 
produce a polymer for use in the 
motor gasoline blend. 

In the economic comparisons the 
following typical Gulf Coast price 
structure and utility values were as- 
sumed to be representative of the 
prices existing at this time. It is recom- 
mended that individual refiners sub- 
stitute their own price structure in 
order to determine their particular 
economics, 









Stock Price 
East Texas Crude, bbl...... $2.95 
Motor Gasoline, gal.......... _ 0.115 


Diesel Fuel, gal.................... _.. 0.085 


No.:2 Fuel, gal.......................... 0035 
No. 6 Fuel, bbl............. ‘ane 1.50 
Butanes, gal (Fuel Value). 0.025 
Fuel Gas, MM Btu.... 0.25 
Steam, M lb................ . OSS 
Power, Ewe ...........:....-.-...-. 0.008 
Water (Cooling), M gal........... 0.005 
Water (Treated), M gal _ 0.15 
Clay Catalyst, Ib................ 0.05 


The overall maintenance cost for 
the processing equipment was as- 
sumed at 4.0 per cent of the invest- 
ment. The taxes, interest, and insur- 
ance costs were estimated at 5.0 per 
cent of the investment. The royalty 
rates were assumed to be 5 cents per 
bbl of fresh feed for catalytic crack- 
ing, 3 cents per bbl of fresh feed for 


C-7 


and 


thermal cracking and reforming, 
0.5 cents per gal of polymer for the 
catalytic polymerization. 

It should be pointed out that the 
investments are for the primary proc- 
essing equipment. No storage of off- 
site auxiliary facilities have been in- 


cluded. Consequently, net earnings 
are purely comparative. 
The features of the main types of 


processing equipment are as follows:. 


Thermal Cracking. A conven- 
tional two-coil thermal cracking unit 
was assumed to handle the East Texas 
residuum with provision for visbreak- 
ing the residuum and cracking the 
light oil. 

Vacuum-Flashing. The reduced 
crude is flashed in a conventional vac- 
uum tower and the vacuum gas oil is 
charged to the catalytic unit. 

3. Visbreaking. In order to mini- 
mize the investment by eliminating a 
flash tower, an integral type flow is 
used. The reduced crude is charged 
to a flash tower and the resulting bot- 
toms is charged to a visbreaker heater 
and then to the common flash tower. 
The combined vapor from the flash 
tower is charged to the catalytic unit. 

1. Coking. A drum type delayed 


coking unit is used and the charge is 
the 15 per cent volume residuum from 
flashing the 40 per cent East Texas 
residuum in an atmospheric flash 
tower. The coker overhead products 
combine with the flash tower over- 
head for processing in the catalytic 
equipment. 

5. Houdriflow. In all of these 
studies the new Houdriflow catalytic 
cracking process is used. 

This catalytic cracking process, 
shown in Fig. 3, retains the desirable 
features of the conventional TCC 
process and in addition a number of 
improvements have been made which 
result in greater flexibility and lower 
cost. These improvements include a 
new method for moving catalyst, the 
use of higher catalyst to oil ratios, a 
simplified kiln, and a more compact 
pliysical arrangement of the vessels. 

The use of flue gas for lifting cata- 
lyst is more attractive than the bucket 
elevators in that it is cheaper, de- 
creases the number of mechanical de- 
vices, and permits a wider range of 
catalyst circulation rates. 

The use of a higher catalyst to oil 
ratio permits considerable flexibility 
in operation in that liquid, partially 


vaporized, or vaporized stocks may ! 
processed without difficulty. The ue 
of liquid or partially vaporized sto: k 
simplifies the feed preparation equi»- 
ment since a major portion of the 1>- 
action heat can be supplied by tie 
catalyst entering the reactor. 

The simplified kiln is the result of 
the increased catalyst circulation. Ove 
or two burning zones are sufficient «s 
compared to 7 to 10 zones in previous 
designs. 

The reactor is superimposed on tlie 
kiln in order to minimize catalyst 
handling and to reduce the ground 
area requirement. 

Regenerated pelleted or bead cata- 
lyst in the upper lift hopper flows by 
gravity through the reactor seal leg 
into the reactor. The catalyst passes 
downward through the reaction zone, 
through vapor-disengaging and steam- 
purging sections in the bottom of the 
reactor. It then goes by way of the seal 
leg into the distributing head of the 
kiln. The spent catalyst flows into the 
kiln proper through a distributor, de- 
signed to insure uniform distribution. 
and continues downward through the 
regenerator. 

Leaving the bottom of the kiln, the 








TABLE 1. Summary of economics—processing—10,000 BPCD East Texas crude. 
















































































Scheme number 1 2 3 4 3A 4A 
Vac. Dist. Visbreaking Coking Visbreaking Coking 
Processing Thermal Once thru Once thru Once thru Recycle ~ Recycle 
Cat. Crack. Cat. c rack. Cat. Crack. Cat. Crack. " Cat. Crack. 
Revenue $/bbl. BPCD $/day BPCD $/day BPCD $/day BPCD $/day BPCD $/day BPCD $/day 
10lb RVP motor gasoline $4. 830 6,126 29,589 6,694 32,332 6,797 32,830 7,370 35,597 6,745 32,578 7,120 34,390 
Diesel fuel . : 3.570 1,000 3,570 i 3,570 1,000 3,570 ,000 3,570 1,000 3,570 1,000 3,570 
No. 2 fuel 3.570 nth re eee Re ae ee ERY coe 505 1,803 629 2,246 
No. 6 fuel.... 1.50 2,378 3,567 1,781 2,672 1,623 2,435 826 1,239 1,024 1,536 243 365 
Dry gas (F.O.E.) ). 1.50 739 1,109 744 1,116 794 1,191 858 1,287 753 1,130 794 1,191 
Excess butane (as fuel). 1.05 vr 43 45 65 f 80 84 124 130 130 136 
Coke % 5.00$/T. ak at “e cae 220 Mocks oe aa 220 
Total revenue 37,835 39,735 40,094 41,997 40,747 42,118 
Operating Costs 
( ‘rude ; i ckaw slp eyes 10,000 29,500 = 29,500 10,000 29,500 10,000 29,500 10,000 29,500 10,000 29,500 
Crude distillation............ 10,000 772 772 10,000 772 10,000 772 10,000 772 10,000 772 
Houdriflow cracking.......... pate ‘ ¥ ne 703 “4,272 812 4,767 815 8,544 1,063 9,534 1,093 
Gas plant Ah OG ee pe Bas "238 592 nip 605 tees 654 sic 629 ee 679 
Thermal cracking............ 4,960 1,089 e 552 489 1,614 500 2,083 585 ee: pened Mer hore 
Thermal reforming. . pied 1,990 453 1,990 453 1,990 453 1,990 453 1,990 453 1,990 453 
Vacuum distillation.......... at er 4,000 355 Se itis te ‘ee ae caters ioe an oogs 
Coking er jae saat Re ions ae ja he 1,497 427 gece ee 1,497 427 
Catalytic poly: merization. 3 261 226 358 256 373 261 422 276 373 261 407 272 
} ELto800.N.(F-2)(1, 000ce ’s) 0. 22¢/ce 437 962 210 464 228 502 337 742 147 324 203 447 
Gasoline inhibitor............ 6,241 6 6,694 7 6,797 7 7,370 7 6,745 7 7,120 cs 
ee rae ES 401 iy 647 ae 589 ~h 695 see 586 Saas 678 
Houdriflow royalty.......... 5.0¢/B. ik ae 4,157 208 4,272 214 4,767 238 4,272 214 4,767 238 
Thermal royalty.............] 3.0e/B. 6,950 209 3,542 106 3,604 108 4,073 122 1,9 60 1,990 60 
Cat. poly royalty............121.0¢/B. 261 55 358 75 373 78 4 89 373 78 407 
Total opening costs. . $33,911 y $34,627 $34,401 $35,375 $33,947 $34,711 
Earnings, $/CI 3,924 5,108 5,693 6,622 6,800 7,407 
Payout time, years. 2.04 2.53 2.07 2.10 1.72 1.83 
TEL to 78 on acy 000 ce’s) 283 | $ 623 104 | $ 229 114 | $ 251 186 | $ 409 65 | $ 143 96 | $ 211 
Earnings, $/CD 4,263 5,343 944 6,955 6,981 7,643 
Payout time, vears......... 1.89 2.42 1.98 2.00 1.68 1.77 
TEL to 82 on (F-2)(1,000 ec’s) 669 $ 1,472 388 $ 854 399 $ 78 557 $ 1,226 306 $ 673 389 $ 855 
Earnings, $/CD. 3,414 4,718 5,317 6,138 6,451 6,999 
Payout times, years ehae ed 2.35 2.74 2.22 2.27 1.82 1.94 
Inves tments (Process equipment 
nity 
( rude distillation ‘ $ 700,000 $700,000 $700,000 $700,000 $700,000 $700,000 
Houdrifiow catalytic & feed 
SP eee vee ee Pere eo 1,505,000 1,550,000 1 600, Q00 1,900,000 1,960,000 
Vacuum unit 500,000 
JOSS a a ae ae 680,000 775,000 800,000 ome 825,000 850,000 
Thermal crack. and reforming. 1,180,000 ,000 800,000 400,000 400;000 
Catalytic polymerization and 
treating Pres FS oe 370,000 440,000 450,000 mets 450,000 470,000 
Coker. 570,000. | 70,000 
eR ot. hc Seana caeaes $2,930,000 $ 4,720,000 $4,300,000 $5,075,000 . $4,276,000 $4,950,000 
C-8 THE PETROLEUM ENGINEER, Reference Annual, 1949 





cat 
sea 
whi 
of 

ver 
ho 
pre 
col 
ato 
cla 
pal 
ten 


thr 
cen 
2000 
flo. 
jec 
ato 
nul 
im! 
tio 
pel 
to | 
hye 
wal 


thr 


cru 
cat 
pa 
ven 
pla 


of t 
by 
tair 
to | 
vay 
the 
rea 
esc. 
leg 
cat 
10. 
is 1 
the 
tril 
bur 
cat: 
the 
flue 
low 
of | 
nel 
ma’ 
coil 
hea 
Cat: 


enti 


the 


up} 
Is \ 


tag 
sch 
hay 
foll 


THI 











catalyst flows by gravity through a 
seal leg into the lower lift hopper from 
which point it is transported by means 
of flue gas from the kiln through a 
vertical lift pipe into the upper lift 
hopper. As in the conventional TCC 
process, a small stream of catalyst is 
continuously bypassed to the elutri- 
ator where “fines” are removed by air 
classification to maintain the average 
particle size of the catalyst in the sys- 
tem at the desired value. 

The oil charge enters the reactor 
through an injection nozzle, located 
centrally in the top of the reaction 
zone and inside the annular curtain of 
flowing catalyst. By means of the in- 
jection nozzle the mixed-phase feed is 
atomized and directed onto the an- 
nular curtain of hot catalyst which 
immediately completes the vaporiza- 
tion of the charge and brings the tem- 
perature of the vapor-catalyst mixture 
to the desired level for reaction. The 
hydrocarbon vapors then pass down- 
ward concurently with the catalyst 
through a solid-bed reaction zone. 

The cracked vapors of synthetic 
crude leave the reaction zone via a 
catalyst-vapor disengager in the lower 
part of the reactor and flow to a con- 
ventional fractionation and recovery 
plant. 

A small flow of steam into the head 
of the reactor, automatically regulated 
by a recording flow controller, main- 
tains a seal at the top of the reactor 
to prevent the escape of hydrocarbon 
vapors up the seal leg ae 4 similarly, 
the purge steam in the bottom of the 
reactor precludes the possibility of 
escape of cracked vapors through seal 
leg into the regenerator. 

Air for regeneration of the spent 
catalyst, supplied by a blower at about 
10 psig, by-passes the air heater which 
is used for start up only, and enters 
the kiln through a channel-type dis- 
tributor. Flue gases from the upper 
burning zone ‘disengage above the 
catalyst distributor, leave the top of 
the regenerator, and enter the main 
flue gas duct. Flue gases from the 
lower burning zone leave the bottom 
of the regenerator by way of a chan- 
nel type collector and also enter the 
main flue gas duct. A bank of cooling 
coils in the kiln removes regeneration 
heat as steam to maintain the desired 
catalyst temperatures. 

The flue gas for the catalyst lift 
enters the lower lift hopper through 
a flow controller, engages and carries 
the catalyst up the lift pipe to the 
upper lift hopper, and from this point 
is vented to the atmosphere. 

A summary of the relative advan- 
tages of the various processing 
schemes when producing a gasoline 
having an 80 F-2 octane rating as 
follows: 
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Scheme 

vo Processing Investment 
1 Thermal $2,900,000 
2 Vacuum-Distillation 4,720,000: 
3 Visbreaking 4,300,000 
4 Coking 5,075,000 
3A Visbreaking—Reevele Cat 

Cracking 4,275,000 


4A Coking—Recyele Cat Cracking. 4,950,000 





The summary indicates that at the 
present gasoline prices and provided 
the refiner has a market for coke, the 
delayed-coking process is a very at- 
tractive method for perparing cata- 
lytic cracking feed stocks. Although 
the coking scheme results in the larg: 
est investment, the pay-out time com- 
pares very favorably with the other 
processes, and the earnings per day 
are appreciably higher than for the 


TABLE 2. Thermal reforming yields. 


Scheme number 1-6 


Charge to unit, BPCD 
250-400F. Naphtha . 1960 


Yields based on charge, “7 volume 
Debut. gasoline 
Fuel oil 
Isobutane. . 
Normal butane 
Butenes 
Propylene 
Dry gas (C3+lighter), “ wt. 


Trororts = oo oe 
Sr ES) 


Octane ratings (F-2) 


Charge. . . 46.0 
Product , ‘ 70.0 





No. 6 fuel 


c.c, 
Payout produced T.E.L. 
period Earnings % on to 80 
Years $/CD erude O.N. Motor 
2.04 3924 23.78 1.7 
2.53 5108 17.81 0.75 
2.07 5693 16.23 0.80 
2 10 8622 8 1 0 
cae §800 10.24 0.52 


L.83 7407 2.43 0.68 


other processes. Visbreaking compares 
favorably with the coking process in 
that it has a lower investment, slightly 
lower pay-out time, but produces 
lower earnings. Recycle catalytic 
cracking of the cycle stocks (Schemes 
3A and 4A) indicates reduced pay- 
out times and higher earnings over 
once-through catalytic cracking, fol- 
lowed by thermal cracking of the net 
cycle stocks after fuel blending. Com- 
plete investment, operating costs, and 
earnings are summarized in Table 1. 
Basic yield data for the various op- 
erations are shown in Tables 2. 3. 
and 4. 

The effect of the price of residual 
fuel on the pay-out time with once- 
through catalytic cracking and with 
recycle cracking is shown in Fig. 4 
and 5. Variation in the fuel price pro- 
duces the greatest effect on the earn- 
ings of the processing schemes produc- 
ing the most residual fuel. The coking 
scheme is the least affected by the 
price of fuel. Recycle catalytic crack- 





TABLE 3. Houdriflow catalytic cracking yields. 


Scheme numbers 


Charge to Unit, BPCD 
Diesel fuel 
Flash tower overhead 
Virgin 
Visbreaker 
Coker overhead 
Vacuum gas oil 
Recycle 


Total 


Yields based on fresh charge, % volume 
Debut. motor gasoline 
Catalytic gas oil 
Isobutane. .. 
Normal butane 
Butenes ; 
Propylene. Seo : 
Dry gas (C;+lighter), % wt. 
Carbon, %wt.. * 
Carbon, Ib/Hr. (stream day) 


9 3 4 3A 4A 
960 960 960 960 960 
2504 2504 2504 2504 
808 808 ; 
1303 id 1303 
3179 i 

4272 4767 
4157 4272 4767 8544 9534 
42.0 41.8 43.2 59.0 59.4 
45.8 44.2 43.7 18.2 18.3 
5.0 5.1 5.1 7.4 7.1 
1.8 1.9 2.0 o7 3.7 
4.3 4.3 4.8 5.5 5.6 
2.6 2.9 3.2 4.3 4.4 
5.9 6.8 6.2 10.7 10.5 
4.6 5.0 5.5 8.4 9.5 
2710 3020 3717 5140 6489 








TABLE 4. Thermal cracking yields. 


Scheme numbers 


Charge stock, PBCD 
OS 
Reduced crude. . . 
Catalytic gas oil. 


SIs 5 pictss 5: 
Gravity, °API... 


Yields—% volume 
Debut. motor gasoline 
Isobutane. ..... 
Normal butane. . 
Butenes........ 
Propylene 
Fuel oil...... : 
Dry gas (C3+lighter), % wt.. 


960 
4000 ' 
eee ree 1552 1614 2083 
4960 1552 1614 2083 
24.8 28.5 26.9 27.6 
43.4 47.5 47.7 47.1 
1.8 1.4 1.4 1,4 
1.4 3.2 3.4 3.3 
2.6 3.6 3.6 3.6 
2.1 3.0 3.0 3.0 
46.7 36.5 37.1 36.8 
8.3 12.5 12.5 12.5 
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FIG. 5. Comparison once through 
and recycle catalytic cracking on 
payout time. 


ing minimizes residual fuel when com- 
pared to once-through catalytic crack- 
ing, followed by thermal cracking of 
the catalytic cycle stock. The recycle 
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“ae : a 

operation is affected less by the price O 

of fuel, and shows considerable ad- ~ 

vantage over once-through cracking. ss 
As the gasoline price increases, with 3 isbreak 

fuel price remaining constant, the ad- * 

vantage of the coking, vacuum-flash- “ Stieend 

ing, and visbreaking over thermal o 

. . . ° Zz 

cracking increases. The differential $ 

earnings between the various process- . 

ing schemes are only slightly affected u 

by substantial changes in gasoline <— a = a a 

price. This is illustrated in Fig. 6 and 7. OCTANE RATING (F -2) 
The lead requirements for the motor FIG. 8. Effect of octane rating 

gasoline blends vary appreciably de- on earnings. 

pending on the method of processing. Basis 

\ brief summary of the lead require- Fuel 1.50$ per bbl. 

ments is as follows: Gasoline 11.5¢ per gal. 

- Lead requirement, cc/Gal. 

scheme 
No Processing 78 O.N. 80 O.N. 82 0.N. 84 O.N. 
1 a anes biol s Serta hu ia Seton a a a4 Oe 2.6 REA 
2 renner Sree Serene 0.37 0.75 1.38 2.15 
3 ERR SRA Cae ores weary ae an 0.4 0.8 1.40 2.2 
TP = REISER IR ARRE ROReRIEe appr 0.6 1.09 1.8 2:95 
3A  Visbreaking—Recyecle cat. crack......................0005 0.23 0.52 1.08 1:7 
4A Coking—Recyole cat. crack.............ccccccscccccseces 0.32 0.68 1.30 2.0 
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FIG. 9. Effect of octane requirement 
on cash position after 5 years. 
Basis 
Fuel 1.50$ per bbl. 
Gasoline 11.5¢ per gal. 








LEAD REQUIREMENT - 
cc PER GAL 


70% +72 62 8 
OCTANE RATING (F-2) 
FIG. 10. Lead requirement vs 


octane rating. 


On the basis of this summary it is 
apparent that as the octane level is in- 
creased the advantage of catalytic 
cracking over thermal cracking in- 
creases. The advantage of coking over 
visbreaking decreases because of the 
higher lead requirement. The higher 
lead requirement is the result of the 
lower octane of the coker gasoline. 


If the lead content of the gasoline 
had been held constant and the octane 
difference corrected by the amount or 
severity of naphtha-reforming, the 
relative advantage of catalytic crack- 
ing over thermal cracking would be 
enhanced. 


The influence of the octane rating 
requirement of the motor gasoline on 
the economics is shown in Fig. 8 and 
9. The lead requirements for the vari- 
ous gasolines are presented in Fig. 10. 


The studies as presented in this 
paper indicate the following conclu- 
sions: 


1. At the present market condi- 
tions, coking or visbreaking are the 
best methods for preparing catalytic 
cracking charging stocks. 


2. More catalytic cracking capac- 
ity appears necessary because of the 
octane advantage of catalytic over 
thermal gasolines. 


3. To minimize the production of 
residual fuel, the use of catalytic 
cracking is advantageous. kkk 
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Control of Maintenance Costs 


R. S. STEWART* and H. A. GUSTAFSON’ 


With labor and material costs 
climbing steadily, refinery manage- 
ments are directing attention to im- 
proving maintenance practices. Accu- 
rate and timely cost reports of current 
methods are essential: 

1. As a key to determining need for 
improvement. 

2. As a gage to measure the success 
of improvements made. 

The authors have outlined the pro- 
cedure their company adopted to in- 
sure accurate and current monthly 
costs. The discussion briefly touches 
on the functions of an automatic busi- 
ness-machine installation, and neces- 
sarily mentions accounting changes 
found necessary. The body of the 
paper is devoted to discussing actual 
maintenance-cost reports. Case _his- 
tories are cited of typical instances 
where these reports uncovered exces- 
sive maintenance costs, and where 
they led to better methods and prac- 
tices. 

Because of the versatility of the 
business-machine installations, labor 
and material costs are reported simul- 
taneously for: 

1. Maintenance of particular refin- 
ery units or processes. 

2. Maintenance of types of equip- 
ment in a particular unit or process. 
. 3. Completed maintenance jobs. 

4. Individual jobs at a unit shut- 
down or turnaround. 

5. Maintenance of each pump, 
motor, compressor, etc. 

6. Expenditures of particular ap- 
propriations. 

Subsidiary reports show: 

1. Jobs which “hang fire” more 
thana month. 

2. The craft man-hours required to 
maintain each refinery unit. 

3. The proportion of planned work 
to emergency jobs. 

4. The number of man-hours ex- 
pended by each craft on shutdown 
and turnaround jobs. 

5. The number of overtime hours 
each craft expends. 

6. Inventory turnover of mainte- 
nance material. 

The authors have taken examples of 


{Presented before a group session on refinery 
maintenance during the 14th Mid-Year Meeting 
of the American Petroleum Institute’s Division 
of Refining, in The Shamrock Hotel, Houston, 
Texas, April 7, 1949. 

*The Standard Oil Company (Ohio), Cleve- 
land, Ohio. 
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each type of report, and have illus- 
trated its use in comparing it with 
estimated or planned amounts. They 
have traced the steps where these re- 
ports have been applied for the pur- 
pose of effecting actual maintenance- 
cost reductions. 


Tue petroleum industry is proud of 
its vigor and resourcefulness. Its his- 
tory is a record of dynamic growth 
and expansion. Today the military im- 
portance of petroleum products is ex- 
ceeded only by their importance to 
American peacetime living. Keeping 
pace with this dual demand offers a 
repeated challenge. In accepting this 
challenge, and in fulfilling its obliga- 
tions to society, the vision and ingenu- 
ity of the oil industry deserves full 
credit. 


Need for Maintenance Research 
and Analysis 


This progressive leadership empha- 
sizes technology in the refining divi- 
sion. Process problems are now ana- 
lyzed in detail in the laboratory and 
in the field. Technical knowledge and 
initiative receive a free hand. New re- 
fining methods, improved products, 
and increased refining capacity result. 
Such research and study will receive 
{urther stimulation. Modern research 
laboratories recently were completed 
by several major oil companies. Con- 
fidence in the value of the scientific 
approach to refinery process prob- 
lems is firmly established. 


Maintenance costs and methods 
also offer fertile fields for the applica- 
tion of this same vision and ingenuity. 
Frequently new or improved methods 
of refinery maintenance are not thor- 
oughly investigated or encouraged. 
Failure to use adequate and sufficient 
tools is a frequent fault. Failure to use 
trained engineers in the maintenance 
field is a handicap. In short, the prog- 
ress and development of maintenance 
research and analysis have not kept 
abreast of the emphasis placed on the 
process side of refining. We believe 
the possible rewards fully justify the 
application of modern industrial engi- 
neering principles to refinery-mainte- 
nance work. 


Benefits From Improved 
Maintenance 


Benefits from improved mainte- 








nance are many. The productivity of 
the worker increases. Shutdowns and 
turnarounds are shorter and less fre- 
quent. Refinery output increases. Re- 
pairs last longer. Equipment operates 
efficiently. By utilizing existing equip- 
ment a larger percentage of the time 
and of capital expenditures for ex- 
panded capacity is conserved. These 
are some of the advantages realized 
from better maintenance practices. 
They save money. They reduce the 
cost of refinery operation. They apply 
to small as well as to large refineries. 


Program to Improve Maintenance 
Methods 


Recognizing the potentialities of 
better maintenance methods in ulti- 
mately reducing costs and conserving 
capital, The Standard Oil Company 
(Ohio), in common with other oil 
companies, developed a program to 
control maintenance costs. In outline, 
our program consists of two broad 
phases. The first requires accurate 
and current cost figures. This meant 
revising and adapting our refinery ac- 
counting methods to supply mainte- 
nance information. Such statistics are 
necessary in a convenient form for 
analysis and decisive action. But—the 
clerical time and cost must not out- 
weigh the value gained. 


The second phase involves initiat- 
ing modern industrial engineering 
practices. Subsequent papers at this 
meeting will enlarge on the following 
means for improving refinery mainte- 
nance: 

1. Preventive-maintenance schedul- 
ing of refinery equipment. 


2. Systematic planning and sched- 
uling of maintenance man-hours. 

3. Building and improving me- 
chanical shops. 

4. Incorporating maintenance fa- 
cilities in process-unit designs. 

5. Purchasing modern, efficient 
tools. 


6. Training maintenance men in 
special skills. 


This paper is devoted to the first, 
or control, phase of these programs. 
Aitention is confined to methods of 
gathering, assimilating, reporting, 
and analyzing maintenance statistics 
and using them to control mainte- 
nance costs. 
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Definition and Purpose of Controls 


The word “control” is viewed with 
some misgiving by many industrial- 
ists. Its use has crept into practically 
every human experience. We have ex- 
perienced price control, wage control. 
rent control, material-allocation con- 
trol, atomic-energy control, etc. No 
wonder industry looks skeptically on 
a program of controls! 


We do not use the word in this 
sense of coercion or rigid regulation. 
Rather. the controls we propose serve 
to guide and direct management to 
correct impressions, decisions, and 
actions. Controls of this type stimu- 
late unity of effort. They promote the 
enthusiastic aid of all management 
levels in the solution of maintenance 
problems. 

Control is accomplished in three 
distinct steps (Fig. 1): The first is 
carefully planning the specific objec- 
tive to be accomplished. This plan- 
ning should be based on research, and 
on the use of previously established 
standards. The second step is execut- 
ing the plans made. Third, the plan- 
ning and the doing are appraised peri- 
odicallv as the work progresses. Devi- 
ations between the planned and the 
actual performance are brought to 
management’s attention. Immediate 
and corrective steps can be taken. 
When the work proceeds according to 
plan, management need not bog itself 
down with the reviewing of numerous 
details and routines. It is the excep- 
tion, not the usual, that it wants and 
needs. New objectives and_ better 
plans in the future result. Weaknesses 
in organization and in the delegation 
of responsibility are seen. Need for 
training, for faster and less costly 
methods, for better equipment, for 
organizing the work and its sequence 
more efficiently—these needs will 
stand out. 


Summing up, when we speak of 
control, it is in terms of these three 
steps: careful planning to meet spe- 
cific objectives; execution according 
to plan; and frequent comparison and 
investigation to gage the success of 
the resulting performance. 


Use of Automatic Business 
Machines 


To gather, assimilate, and report 
basic maintenance statistics, an auto- 





1. PLANNING—to meet specific objectives. 
2. DOING—according to plan. 
3. COMPARING THE RESULT—Ilooking for 


improvements. 











FIG. 1. The three steps of control. 
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Cost: Croft Materials Personnel 
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(Equipment (Job Pianning (Inventory (Absenteeism 


Analysis) and Scheduling) Turnover) Payroll Info) 


FIG. 2. Flow of maintenance 
statistics. 


matic business-machine installation 
was selected. Briefly, these machines 
translate alphabetical and numeric 
data upon small punched cards, segre- 
gate those data that are desired, make 
calculations upon them, and print in 
report form the resulting information. 
Three distinct steps are involved. 
(Fig. 2): The first machine translates 
field information into record cards 
through the medium of punched 
holes. Only information put into the 
cards will emerge in the final reports. 
Therefore, some discretion must be 
exercised in making the initial selec- 
tion. The second basic machine segre- 
gates and arranges the record cards in 
sequence or in groups. It uses the rel- 
ative location of the holes in the 
punched card as its key. The third 
basic machine takes these sorted cards 
and retranslates the information from 
them onto a continuous paper roll. 
Auxiliary machines are available to 
supplement these basic operations. 
Detailed discussion of their use does 
not lend itself to the purpose of this 
paper. 

Under the previous accounting sys- 
tem, costs and records were kept. The 
clerical work was done manually, 
however. Speed was sacrificed for 
accuracy. Under the former cost 
breakdown, desired information was 
not secured. Preparation of reports 
required many clerical and typist 
hours. Information was presented in 
a stereotyped form. Desirable varia- 
tions were difficult to make. Too much 
time and expense were required to 
prepare and issue cost information. 
The value of the reports became pri- 
marily historical. 


The new installation does most of 
the clerical tasks automatically. Once 
the information is “punched into” the 
cards, the sorter permits selection of 


THE PETROLEUM 


various combinations. Thus, from the 
same group of cards, we can deter- 
mine: 

1. The number of man-hours each 
craft spent on a particular job. 

2. The cost of material or labor 
during any period. 

3. Costs for each refining divisicn, 
etc. 

This information is available in re- 
port form in a matter of minutes. 
Under the old system, such informa- 
tion would require days to sort, accu- 
mulate, and report. The possibility of 
human error was ever-present. Com- 
binations could not be changed easily. 
Through the automatic business ma- 
chines we get current figures, in any 
combination desired, with little man- 
ual effort. We have multiplied the pro- 
ductivity of our clerical workers. We 
have access to information never be- 
fore available. We have it when we 
need it, and in the form it will be best 
for us to use. 

The machine installation is rented 
from a business-machine company on 
a monthly basis. For our various re- 
finery installations, the rental costs 
and personnel requirements are as 
shown in Fig. 3. 


Procedure for Gathering 
Maintenance Information 


The importance of current cost fig- 
ures in a rapidly changing economy is 
apparent. For management to make 
intelligent decisions; for it to take ad- 
vantage of new conditions, or to rec- 
ognize trends and take appropriate 
steps, proper information, speedily 
organized, is essential. Any manager 
engaged in guiding and directing his 
plant needs such assistance. If he is ta 
hold his assistants responsible, they, 
in turn, must have access to cost re- 
ports to aid them. As the ladder of 
management is descended, the data 
must be more detailed and refined. 
The scope of attention narrows. One 
of the chief advantages of the auto- 
matic business-machine installation is 
its flexibility to meet this varying de- 
mand. 





Crude No. Clerical 
Thruput Rental Personnel 
Refinery Per Day Cost/Month Required 


A 40,000 bbls $1,015 6 


B 20,000 bbls $ 906 5 
C 18,000 bbls $ 740 2% 
D 17,000 bbls $722 4 


*No material increase or decrease has been 
made in our total clerical force. The same 
personnel now prepare many additional re- 
ports for company and governmental use. 














FIG. 3. Cost of business-machine 
installation. 
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140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 


151 
152 
153 
154 
155 


169 


170 


172 


177 
180 


193 
194 


196 
197 
198 
199 





Division 
Producing Units 


Alkylation unit 

Asphalt manufacturing plant 
Asphalt emulsion plant 

Asphalt RodeRite emulsion plant 


Cat Cracker—6 case unit 
Cat Cracker—3 case unit 


Rerun unit—F. O. stock 
Rerun unit—Naphtha 


Treating plant—agitators 
Treating plant—clay filters 
Treating plant—C/C distillate 


Refinery Operations Expense 


Automotive equipment 
Engineering 

Fire protection 

Fuel system—plant 
Industrial relations expense 


Refinery General Expense 


Overhead Acounts 


Service units 


Crude oil accounts 

Working stocks—other than C.O. 
Finished goods accounts 
Shipments accounts 
Miscellaneous accounts 
Chemicals purchased accounts 
Chemicals purchased accounts 








FIG. 


4. Chargeable accounts—refinery 
divisions. 


Changes in Accounting Procedures 


Before making use of these ma- 
chines, however, several accounting 
changes were necessary. The first in- 
volved reclassifying and numbering 
chargeable accounts in each refinery 





Total labor and material charges by 
these accounts present a rapid method 
of comparing operating costs. Eff- 
ciency of local refinery management 
and of certain types of processes is 
quickly measured. Total refinery ex- 
pense against anticipated or allocated 
funds is reviewed, and variations are 
allowed or restrained. 


A further breakdown of each divi- 
sion is necessary for detailed study of 
unit costs (Fig. 5). For example, pro- 
ducing units are subdivided into types 
of equipment and materials used. 
Labor and material charges for each 
group are identified by adding two 
numbers to the division number; thus. 
the identifying number for painting 
repairs at the alkylation plant, “A” re- 
finery, would be 101213 and 101223. 
The first 3 digits, 101, denote the par- 
ticular division; the fourth and fifth 
digits, 21 and 22, represent repair 
costs for painting (the first number 
represents labor, the second mate- 
rial) ; a sixth digit is added to repre- 
sent the refinery itself. The establish- 
ment of chargeable accounts, the de- 
termination of subdivisions for fur- 
ther cost analysis, and the use of iden- 
tifying numbers was the first tool in 
our control setup. The code numbers 
are used principally in the accounting 
office as a speedy and efficient catalog- 
ing method, adapted to an automatic 
business-machine installation. 


Gathering Field Data 


The procedure for obtaining main- 
tenance information is uniform in all 
refineries. A work-order system forms 
the basis. The use of any labor or ma- 
terial requires a written request. This 


request is made on prepared forms 
(Fig. 6). Each request has three im- 
portant elements: 


1. An identifying number, called 
the “work-order number.” 


2. A detailed description of the job 
requested. 


3. The signature of an authorized 
requester. 


After preparation and authorization 
of the written request and copies, they 
are forwarded to a central mainte- 
nance-department office. There the 
request is reviewed. The materials. 
crafts, and man-hours necessary for 
the task are estimated. On large jobs. 
field engineers assist with this step. 
Provision for the work is made in the 
man-hour schedule. One copy of the 
request is then sent to the accounting 
office as notice that labor and material 
costs will be charged to it. A clerk 
adds the appropriate accounting-divi- 
sion numbers to this copy. The task 
shown in the example is typical. When 
boilermakers begin working on this 
job their time is charged to the work- 
order number (Fig. 7). Each worker’s 
ticket contains similar information. 
and is forwarded every day to the ac- 
counting office for daily tabulation 
and recording. When exchanger tubes 
are obtained from the warehouse, a 
requisition card is prepared, and this 
follows the same procedure (Fig. 8). 
When the work is completed, the ac- 
counting office is notified. Labor and 
material costs for the specific task are 
accumulated at desired periodic inter- 
vals. The number of man-hours spent 
by each craft, the number of overtime 
hours. etc., are tabulated, and they be- 


FIG. 5. Typical cost breakdown—alkylation unit. 





Operators 


Repairs—building 
Repairs—electrical 
Repairs—furnaces...... ae 
Repairs—gas compressor................. 
Repairs—heat exchanger equipment 


ALKYLATION UNIT—DIV. 101 





(Fig. 4). For adaption to our business 
machines, the numbers began with 
101. Between 101 and 150 were placed 
the refinery producing units, leaving 
sufiicient unallocated numbers for 
future expansion. From 151 to 199 
were grouped the refinery operation 
expense accounts, refinery general ex- 
pense, overhead accounts, service 
units, etc. These general divisions are 
of interest to top-level management. 





Repairs—insulation....................... — 


Repairs—machinery and equipmen 
Repairs—meters and instruments... 
Repairs—painting ...................... 
Repairs—piping ............ eee citer’ 
Repairs—pumping units ............... 
Repairs—structures and supports 
Repairs—tanks 
Repairs—towers and drums..... 
Repairs—reactor 

Repairs— 

Repairs— 


Refineries 
Labor Mat'l A B a D 
. 10101 3 
10102 
10103 10104 
10105 10106 3 
.. 10107 10108 3 
10109 10110 3 
10111 10112 3 
10113 10114 3 
10115 10116 3 
10117 10118 3 
10119 10120 3 
10121 10122 3 
. 10123 10124 3 
10125 10126 3 
10127 10128 3 
. 10129 10130 3 
10131 10132 3 
10133 10134 3 
... 10135 10136 
. 10137 10138 
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MEMORANDUM 
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Name of J 


»__Retubing Butane Feed - Reactor Effluent 


JOB ORDER No.___1032_ 
Gen. Supt. Office 
Mech, Office se STANDARD OIL COMPANY (OHIO) 
Quine... A 
Date April | i949 








Exchanger _ Seine Ena ste) 


Unit or Area__Alkylation Unit 


















Exact Location of Job. 


Bundle to be brought to Boiler Shop 




















2042 


uipment No. 













Descriptions Cut out old tubes and install 3/4" 0.D., 


__14% gage, 16'-0" long antimonial admiralty tubes in 








___ existing tube sheets 








Important Proccss Features. 


Job Type 


eo| Improvements 
| Interplant 


| Yearly 








Emergency 


= 


—| =} Maintenance 





Rush 





Shutdown 














Regular 








Estimate’ 


pm (So 1 


iT 











Order No. 


Craft 


Boilermakers 


Electricians 
Brickmasons 
Painters 
Instruments 


Yard Labor 



















Advance Notice to Process. 


significance of Job 


Hours/Duys 


April 3, 1949 





Latest Completion Date. 


Must be finished so unit can be put on stream April 4, 1949 





































SKETCH OR ADDITIONAL NOTES: 


Werk-Order Request Form. 











signet_ Mh, Abmuthe C Woe 
Foroman or Asst. Supt. Process Supt. (Changes or Add.) Mech. Supt. 
STARTED: DATE cope__! 01133 
LABOR 
Completed: Date Signed Cost 
copE__! 01143 
MATERIAL COST 





FIG. 6. Work-order request form. 
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FIG. 8. Material requisition form. 
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come the basis for numerous control 
reports. Let us follow a typical refinery 


‘group in reviewing some of these re- 


ports. By case examples, we shall see 
how these reports serve as a tool for 
good management. The “grass-roots” 
approach to the problem will be clearly 
evident. 


CONTROL REPORTS 


Monthly Labor and Material Costs 
of Each Refinery Division 

Each month the costs for each re- 
finery account and subdivision are 
totaled. These amounts are compared 
with previous months, and with the 
average of months in previous years, 
Fig. 9 is an example of this report, 
prepared and issued monthly to de- 
partment superintendents and fore- 
men. Notice the high pump-repair 
costs at the alkylation unit in Febru- 
ary and March. This report was re- 
viewed by the maintenance superin- 
tendent, gas-plant superintendent, and 
maintenance engineer. They compared 
the pump-repair costs with those ex- 
perienced in previous years. The Feb- 
ruary and March costs were four times 
as high as normal. No unusual re- 
building of pumps or complete re- 
placement of pump internals occurred 
during this period. They did find that 
the pump packing was unusually trou- 
blesome, and that scored shafts and 
rods occurred frequently. Further in- 
vestigation revealed the cause. A new 
helper on the unit, on his own iniative, 
was tightening up the packing glands 
so that the rods and shafts were 
quickly ruined ; the packing, therefore, 
became useless. A lack of preventive- 
maintenance training for this new op- 
erator was the real cause, and this was 
soon corrected. 


Maintenance Man-Hours by Crafts 
for Each Refinery Division 


The second report, of value to plant 
managers, assistant managers, and 
mechanical superintendents, involves 
mechanical man-hours used. These are 
shown for each operating unit, and a 
further breakdown shows the number 
from each craft. Fig. 10 is an example 
of this report. It is of particular value 
in studying and comparing mainte- 
nance costs and time spent on individ- 
ual units and processes. It helps to de- 
termine the work load by areas of the 
plant. This example points to a very 
high requirement for machinists. In- 
vestigation showed that the machin- 
ists’ man-hours had been increasing 
steadily for a long period. Further 
analysis revealed that the sole cause of 
the increase was repairs to motor-oper- 
ated valves on the vapor lines. Most of 
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Equipped to do the job 


Sun builds made-to-order units for 
all refinery and chemical plant processes. Sun also furnishes repair 
services and parts. This is evidence of the vastness of Sun facilities, 
facilities that include rolls so powerful as to be capable of cold bend- 
ing steel sheets 342" thick ...Having similarly extensive facilities for 
shipbuilding, Sun turns out record-making tankers and cargo vessels 


from keel to superstructure—no subletting. 


RQ. 


SHIPBUILDING &® DRY DOCK COMPANY 


(SINCE 1916) 


ON THE DELAWARE e CHESTER, PA. 
25 BROADWAY » NEW YORK CITY 
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Alkylation Unit 
Operators 


Repair tanks—labor 
—material 





Repair buildings—labor............................... 
—material ...... a: scan abe 

Repair electrical—labor......................... 005 
POO TION «65.055 cneteosse-s pen 

Repair heat exchangers—labor.............. ...... 
—material ............... 

Repair piping—labor ........................ ee 
nNOUOONE oss écacces-olesbstbadae oa 


Repair pumping units—labor........................ 
—material .... 5... 


1949 
Jan. Feb. Mch. 
$3,019.81 $2,629.98 $2,252.52 
115.05 
101.28 
214.62 113.14 125.97 
72.47 54.47 24.17 
212.00 
484.00 
66.43 311.62 199.12 
28.56 252.98 35.55 
240.60 980.30 1,104.60 
210.80 890.40 1,090.50 
83.56 20.71 
oe. 14.07 








FIG. 9. Monthly labor and material costs—alkylation unit. 


these repairs were found to be in the 
gear mechanism, and these in turn 
were due to using the wrong lubricant. 
\t some time in the past the lubricant 
provided had been changed from that 
originally specified, and the substitute 
did not perform the required services. 
This example demonstrates the use of 
reports to trace a costly maintenance 
problem and to effect a solution. 


Total Man-Hours by Work-Order 
Types 


\s any maintenance superintendent 
will testify, some refinery divisions 
seem to require a disproportionate 
amount of emergency and rush work. 
Keeping this type of work to a mini- 
mum results in better job planning 
and scheduling. As a control in this 
direction, a distribution is made of 
total man-hours spent for each divi- 
sion by emergency, rush, routine, or 
shutdown work orders. This check re- 
strains such emergency and rush 
orders. Chronic offense may indicate 
inadequate preventive maintenance. 
improper equipment, or poorly trained 
mechanics. Fig. 11 illustrates a typical 
example of this report. Notice that the 
emergency and rush man-hours on the 
“cat cracker” were almost two-thirds 
of the routine man-hours spent on 
maintaining this unit. The mainte- 
nance superintendent and process su- 
perintendent were determined to find 
the reason. Analysis showed that the 
situation had prevailed for several 
months. Furthermore. almost all of the 


emergency work was on the unit’s gas 


compressors. Additional facts secured 
showed that the preventive-mainte- 
nance schedule set up for these units 
was not being followed. An increase in 
throughput had used up the spare 
compressor capacity. The scheduling 
no longer allowed for an adequate 
time for proper preventive-mainte- 
nance operations. Inasmuch as _ the 
higher throughput was scheduled to 
be maintained and increased further 
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CATALYTIC CRACKING UNIT 
Month Ending March 31, 1949 


Craft Craft No. Manhours 
Boilermakers 10 2,160 
Welders 11 730 
Machinists 13 5,860 
Painters 14 920 
Pipe Fitters 15 3,270 
Instrument 23 1,880 
Laborers 26 4,120 

Total 18,940 








FIG. 10. Maintenance man-hours by 
crafts. 


in the future, this investigation led to 
the decision to install an additional «as 
compressor on the unti. 


Labor and Material Report for 
Unit Shutdown 


The shutdown of refinery units for 
periodic inspection and repair is 
costly, Downtime must be held to a 
bare minimum. The time must be ecff- 
ciently planned and scheduled before- 
hand. These plans and schedules must 
be carefully reviewed while the work 
is in progress and after the unit is back 
on stream. Improvements and beiter 
methods must constantly be sought. 
Through such comparison, we have 
uncovered bottlenecks in man-power 
allocation and equipment efficiencies. 
Fig. 12 shows a typical report and two 
case examples. Notice that the over- 
time hours required of craft No. 26 
were three-quarters of the regularly 
scheduled hours for unplugging fur- 
nace headers. The analysis of this 
problem was quite simple. The crew 
scheduled for the work had proper and 
efficient tools. By working regular 
hours, however, they could not finish 
this operation before the next sched- 
uled operation. Inasmuch as the time 
could not be changed without length- 





Week Ending April 8, 1949 











Div. No. Division Emergency Rush Routine Shutdown 
101 Alkylation unit 140 30 650 =~ 
106 Cat cracker—6 case 2448 750 4810 — 
111 Cat poly plant 420 80 1200 _ 
116 Cracking coils 530 610 2040 — 
117 Cracking coils .. 420 110 2460 —_ 
122 Thermal gas plant 210 410 1004 — 
132 Pipe Still 360 100 1260 — 
FIG. 11. Total man-hours by work-order types. 
Work Order Craft Reg. O.T Labor Mat. 
No. Description No. Hrs. Hrs. $ $ 
24666 Unplug Headers, Furnace 10 13.00 1.00 29.80 
. 11 18.50 41.00 161.10 
12 4.00 22.00 85.64 
22 1.00 1.00 5.32 
26 454.50 322.75 1448.10 
29 1.00 - 2.06 
31 1.00 1.00 Sig2 
318.33 
493.00 388.75 1737.34 
24667 Turbine Furnace Tubes 10 28.50 3.00 67.97 
1 .50 5.00 16.48 
12 3.00 2.00 12.36 
15 11.00 14.00 65.96 
22 4.00 , 8.49 
26 267.25 253.00 971.05 
27 8.00 1.00 17.30 
28 3.00 5.90 
100.46 
325.25 278.00 1165.50 








FIG. 12. Shutdown No. 95—combination unit, “A” refinery. 
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VESSEL DIVISION 


ao. SMITH 


ee 


New York 17+ Philadelphia 3 + Pittsburgh 19 « Atlanta 3 + Chicago 4 
Tulsa 3 + Dallas 1+ Houston 2 « Seattle 1+ Los Angeles 14 
International Division: Milwaukee 1 


VESSEL LIFE INSURANCE. 

Before this SMITH- 

lined Paper Mill Di- 
gester was manufac- 
tured, an extensive and 
comprehensive testing 
program was completed 
to be sure the proper 
alloy lining was selected 
for the corrosive service. 
An experimental di- 
gester was built and a 
great many “‘cooks”’ were 
run before the final de- 


cision was made. ERE ieee am RRIR OTR Peg wots one 


@ USING SMITHway MULTI-LAYER CONSTRUCTION 
WAS MORE ECONOMICAL than single-plate con- 
struction in the manufacture of this 72 in. dia. by 
80 ft. long water scrubber, at the same time pro- 
viding a safer construction. 


> consistent QUALITY OF SMITH- 
way ELECTRODES used in the man- SEND FOR THESE 


ufacture of SMITHway Pressure 

Vessels is preserved by meticu- NEW BULLETINS 
lous control procedures. By 

means of this X-ray diffraction 

machine, all raw materials used Write the nearest A. O. Smith 
in electrode coating are checked office (see list at top of page) for 


for the presence of any foreign . 
materials or impurities. these newest Vessel Bulletins: 


‘ FIELD ASSEMBLY COSTS CUT TO A 
MINIMUM. The SMITHway istodothe FIELD ASSEMBLY OF PRESSURE 


maximum amount of work possible 
in the shop on vessels too big to be 
shipped in one piece. All the shell 
courses on this 15 ft. dia. by _ ft. e 

long SMITHway Atmospheric 

hone were tacked uegetbar ba the SMITHway VESSELS — Alloy, Al- 
shop to get more accurate and com- loy-lined, Clad, and Glass-lined 
plete installation of the internals. —Bulletin V-46. 


VESSELS— Bulletin V-44. 
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ening the total shutdown period, the 
solution was to put two gangs on the 
job instead of one. 

The second case example shown 
concerns craft No. 26 on turbining 
furnace tubes. Note that the overtime 
hours for this requirement were al- 
most equal to the regularly scheduled 
hours. The maintenance superintend- 
ent knew that the condition of the tools 
would have a strong influence on the 
time required for turbining the tubes. 
Therefore, this point was investigated 
first. It was found that the tools were 
in excellent condition, but did not 
seem to cut out the coke as rapidly as 
a similar type of coke on another unit. 
The maintenance engineer suggested 
that an air pressure gage be installed 
immediately ahead of the tool. That 
suggestion hit the bull’s eye. Instead 
of the 100-lb reauired air pressure, 
there was available only 70-lb when 
the tool was operating. The cause of 
the high overtime and expense in this 
case was an inadequately sized air line 
from the main header to the furnace. 
This example also shows the value of 
having man-hour data available from 
previous shutdowns. The actual hours 
required for particular representative 
operations can be secured. This infor- 
mation makes more accurate the prep- 
aration of schedules for the next shut- 
down. It contributes to a better iob of 
planning and scheduling activities, to 
be discussion by others on his pro- 
oTram. 


Incomplete Work-Order Listing 


\s a further aid to controlling main- 
tenance, a monthly incomplete work- 
order listing is made. At a glance, it is 
possilbe to determine whether work is 
accumulating, or if the backlog is only 
normal. Fig. 13 shows a portion of this 
report. It points to incomplete jobs 
which are allowed to drag. They just 
do not “hang fire” for several months 
when subjected to a listing and peri- 
odic review. The reviewer’s attention 
is also directed to the reasons for a 
job delay. For example, the mainte- 
nance superintendent wondered why 
no work had been done in March on 
work order No. 10016: “Install new 
roof on tank No. 69.” He knew that 
work on this job had begun in Febru- 
ary. His investigation showed an in- 
adequate inspection procedure to de- 
termine the extent of work necessary. 
When the old roof was torn off, it was 
found that the top angle on the shell 
had corroded to the point that it would 
have to be replaced before the new 
roof was put on. The proper size angle 
was not available immediately ; there- 
fore, the whole job had to wait until it 
could he secured and rolled to the 


C-18 





























Month of March, 1949 “A" Refinery 
Work Month's Total 
Order Craft Regular Labor Cost Labor Cost 
No. Description No. Hours $ To Date 
10214 Retube spare exchanger No. 407................ 10 78.00 
11 40.00 
118.00 243.08 243.08 
10204 Renew valve manifold at No. 1 pumphouse 17 204.50 421.27 670.30 
10016 Install new roof on tank No. 69.....0............ EE oso) Rtgs 160.30 
10170 Install new gas compressor........................ 10 110.00 - 
Catalytic cracking Onll..........:.............0.....000. 26 480.00 
590.00 946.60 946.60 
FIG. 13. Monthly run of incomplete work orders. 
3-Month Period Ending March 31, 1949 “A” Refinery 
Work 
Order Craft Reg. O.T. Labor Mat. 
No. Description No. Hrs. Hrs. $ $ 
447 Inspect instruments at cracking coils 23 160.00 20.00 394.72 62.60 
1231 Inspect instruments at alkylation unit 23 1860.00 483.00 5280.60 1040.60 
2407 Inspect instruments at thermal gas plant 23. 115.50 37.00 384.93 104.90 
FIG. 14. Blanket work orders. 
“A” Refinery 
Work 
Order Craft Reg. O.T. Labor Mat. 
No. Description No. Hrs. Hrs. $ $ 
11764 Installation of new depropanizer 10 63.00 116.40 
reflux pump, alkylation unit 12 34.00 66.30 
13 78.00 142.70 
755.18 
175.00 325.40 
14697 Renew 12” valve manifold at 10 46.00 91.30 
main pump station 11 88.00 174.20 
13 8.00 16.48 
15 135.00 248.32 
260.60 
277.00 530.30 
13211. Install new reflux condenser, 10 160.00 304.00 
cat cracker stabilizer 15 24.00 45.60 
2290.00 
184.00 349.60 











FIG. 15. Completed work orders, April 1 to April 15, 1949. 


correct curvature. Next time a roof is 
to be replaced, the inspectors will 
make certain that the top angle and 
top shell sheet also do not require re- 
pair and replacement. 


Blanket Work-Order Costs 


Some work in refineries consists of 
minor tasks on which individual costs 
would not be significant. More clerical 
and paper work would be required to 
record such costs than the individual 
amounts merit. For example, checking 
and inspecting control instruments in 
the plant may total a thousand differ- 
ent jobs. No advantage is gained by a 
separate work order written and proc- 
essed for each. Instead, a work order 
is written to check and inspect all con- 


trol instruments in each account divi- 
sion. For example, the order says: 
“Check and inspect all control instru- 
ments at the alkylation unit.” This 
order remains effective for a period 
of time, ordinarily three months, to 
cover the preventive-maintenance 
schedule on this unit’s control instru- 
ments during that period. Periodically 
the costs accumulating against such 
work orders are reported and re- 
viewed. Large amounts which are out 
of line with normal experience are in- 
vestigated in detail. Fig. 14 illustrates 
a blanket work-order report. When the 
mechanical superintendent, mainte- 
nance engineer, alkylation-unit fore- 
man, and instrument foreman. re- 
viewed this report, they noted that the 
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PUMP NO. 204 


Labor Material 
Date : $ $ 

1-20-48 148.50 153.80 
liners 

2-10-48 25.80 30.60 
3-30-48 38.80 42.30 
4.18-48 110.60 48.30 
5-12-48 62.90 54.70 
6- 3-48. 90.60 70.60 


477.20 400.30 





7Y%_x5x10 DUPLEX PUMP 


New pistons, rings,.and rods (liquid end) and new 


3 new valves, 2 springs (liquid end) 

2 new rods and new gland (liquid end) 

Renewed liners (liquid end) 

New piston, rings, and rods (liquid end) 
Replaced liner, installed new valves and springs 
Total six-month cost 


CLAY CONTACT PLANT 


Description of Repair 











FIG. 16. Equipment record card. 


instrument-inspection costs at the 
alkylation unit were disproportion- 
ately high in relation to the number 
of instruments in use. A check with 
instrument repairmen and the unit 
process operators revealed that many 
daily adjustments were necessary, and 
that the reliability generally was poor. 
The problem then became one of find- 
ing the reason. It was discovered that 
vibrations from an adjacent gas-com- 
pressor building were being transmit- 
ted through the ground to the instru- 
ment panel board. These vibrations 
were continually upsetting the opera- 
tion of the control instruments. A spe- 
cial panel-board mounting, designed 
to absorb the vibrations, quickly re- 
duced the instrument maintenance on 
this unit to a normal amount. 


Completed Work-Order Costs 


Twice a month a list of completed 
job orders is prepared. Foremen re- 
ceive copies showing the cost of labor 
and materials of individual jobs. Costs 
which are out of line with estimated 
amounts are checked. Poor planning 
of the work and inadequate supervi- 
sion have been primary causes. Review 
and examination of these reports (Fig. 
15) help the supervisors to follow their 
work more closely and to do it more 
economically. This example contains a 
job on which there was poor plan- 
ning: “Install new reflux condenser. 
cat-cracker stabilizer.” The labor re- 
quired by craft No. 10, the boilermak- 
ers, seemed to the mechanical superin- 
tendent far out of line with the scope 
of the project. The iob merely involved 
lifting the new reflux condenser onto 
existing steel work and bolting it 
down. The pipe fitters would then hook 
itup. He reviewed the project with the 
boilermaker foreman, and soon dis- 
covered poor planning and schedul- 
ing. Advance arrangements had not 
been made with the transportation- 
equipment department to have a crane 
available to do the hoisting work. The 
day could not be changed because 
the stabilizer was shut down to make 





Week Ending March 25, 1949 

Overtime 

Craft Craft No. Manhours 
Boilermakers 10 140 
Welders i 60 
Insulators 12 20 
Machinists 13 620 
Painters 14 30 
Pipe fitters 15 320 
Instruments 23 280 
Laborers 26 460 
1,930 
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FIG. 17. Overtime man-hours by 
crafts. 


the installation. Because the hoisting 
crane was tied up elsewhere, the boil- 
ermakers used chain hoists to mount 
the condenser on the steel work. The 
cost of doing the job this way was 
about three times higher than if the 
hoisting crane had been used. 


Individual Equipment Costs 


Costs of maintaining and operating 
specific pieces of equipment are espe- 
cially helpful in making repair and 
replacement decisions. Excessive costs 
might indicate improper maintenance, 
application, or design. Individual 
pumps, compressors, automobiles, 
cranes, motors, etc., are subjected to 


such analysis. Fig. 16 shows a typical 
record kept of repairs made to a pump 
in service in one of our refineries. The 
date, costs, and complete description 
of all maintenance work are kept. The 
pump shown in this example is a 
duplex reciprocating-type used to 
pump clay oil slurry at a clay-contact 
plant. Review and investigation of 
these high maintenance costs showed 
that this type of pump was improper 
for the service. The maintenance costs 
for one year were almost twice the cost 
of an especially designed centrifugal 
pump which has been a trouble-free 
replacement. 


Report of Craft Overtime 
Man-Hours 


In all our refineries we attempt to 
keep overtime man-hours to a mini- 
mum. As a check on the success of this 
effort, a list of overtime hours by 
crafts is prepared weekly. Attention is 
thus directed to unbalanced work 
forces, poor planning, and to crafts 
needing additional man-power. A sam- 
ple of this weekly report is shown in 
Fig. 17. When a particular craft con- 
tinually runs a high percentage of 
overtime hours, an investigation is 
made to determine the cause, and the 
necessary correction is made. 


Cost Reports of Estimates 


Up to this point the discussion has 
centered around operating costs and 
expenses incurred in day-to-day oper- 
ation in the refinery. Also important 
is the control of specific appropria- 
tions of money made by the company 
management. Most companies require 
top-level approval of expenditures over 
a certain amount. Our company calls 
these projects “estimates.” It is impor- 
tant that the amount allocated is not 
exceeded; hence, periodic progress re- 
ports on these estimates are essential 
for management control. Fig. 18 is a 


FIG. 18. Estimate progress report—labor charges. 





Est. No. 
80-334 


Description 


Gas plant revamp 


b) Foundations for towers 





“A" REFINERY 
Month Ending December 31, 1948 


Gl} DISMGNAN ....:.....650.500.0.05..3 


ND ie oS tasessecact ast ietas ssn 


Craft Labor for Accumulated 
Number Manhours. Month $ To Date 
Benet: 10 80 164.80 300.00 
12 160 329.60 550.00 
850.00 
cs eisai 10 2120 4367.20 28,460.00 
26 4150 6240.00 17,300.00 
45,760.00 
eh ee 12 pated 
20 














typical ananagement report. Current 
labor expended to date on each:job is 
shown. From these- reports.and the 
status of the field work, the -mainte- 
nance supervisors and engineers pre- 
pare the report shown in Fig. 19. 
Trends to overexpend the amount ap- 
propriated serve to give advance no- 
lice to management for supplemental 
appropriations, or revision, or cancel- 
lation of the project. Estimation of 
costs in advance is bound to be partly 
contingent, but the periodic control 
reports do discover high costs and 
permit management to ask: “Is the 
job poorly supervised, incorrectly en- 
sineered, or inaccurately estimated?” 
Let us look at a typical example, viz., 
Estimate E-334: “Gas-Plant Revamp.” 
The control report shows that this 
project will be overexpended $64,000, 
or 1614 per cent, and that this fact 
was known when the job was only a 
third complete. Investigation showed 
that the cause in this case was inade- 
quate preliminary engineering. When 
field work was begun on the founda- 
tions for additional gas-plant fraction- 
ating towers, it was discovered that the 
allowable soil-bearing pressure was so 
low that piling was required. The in- 
stallation was made adjacent to an ex- 
isting plant where the soil-bearing 
pressures did not require such piling. 
Nevertheless, the engineering depart- 
ment was in error in not making sure 
that a similar condition existed on the 
site for the new equipment. 


Inventory Control Report 


\ final type of report is shown in 
Fig. 20. We are experimenting with 
reporting material inventory on the 
new business machines. At present our 
refinery storehouses manually post 
material receipts and disbursements. 
Such records are kept on a card sys- 
tem. To determine advantages and dis- 
advantages of preparing inventory re- 
ports on business machines, the form 
shown in the example is used in one 
refinery. We have not yet decided on 
the merits of this procedure. 


Conclusion 


Statistical controls are convenient 
tools by which modern management 
guides and directs its far-flung opera- 
tions. Controls can provide means for 
securing effective and improved per- 
formance. Their importance rests on 
their adaptability to the actual area of 
operations. We havé demonstrated the 
type of control one business-machine 
installation makes possible in our re- 
fineries.. It also performs, more eco- 
nomically than any other method, ac- 
counting duties such as preparing the 
payroll register and payroll checks, 
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80-377 9-23-47 Replace 2, 3 & 4 

80-389 10-29-47 Cafeteria— 
locker building 

80-414 3-11-48 Firewater loop at 


80-421 4- 1-48 Misc. tools—- 





“A REFINERY 
Est. Date of Project Amount 
No. Approp. Nome Approp. 


80-334 4-28-47 Gas plant revamp $390,000 

C/S exchangers 29,334 
225,000 
north end of property 4,000 


shop equipment 4,700 





Dec. 31, 1948 


Es: 
Estimated % 


Estimated Estimated Comoletion Comp, 
Final Cost Overrun Underrun Date To Date 
$454,000 $64,000... 8-1-49 35 
| re 3,876 1-1-49 100 
MOU GRe estes 17,810 2-1-49 95 
ee 1,568 2-1-49 90 
Sere 299 2-1-49 90 





FIG. 19. Estimate 





control report. 





“B" REFINERY 

Item Size Unit 
Insulation BH-1 Plastic .......... Lb 
WRI, WMNGIR esos ccsecccccesessness 1”x8 Ft 
Elbows 45D B.M.....00..00.000000..... 2 Ea 
Schedule 40 Pipe .................... a Ft 
ig?” Ft 

6” Ft 

Schedule 80 Pipe .................... ei Ft 
4” Ft 

6” Ft 





Aug. 31, 1948 


Total Inventory 
Code April May June Usage 8-31-48 


131576 104 100 204 75 
150531 465 249 714 759 
201909 24 18 18 60 54 
304001 180 240 980 1400 760 
304002 340 510 811 1661 1030 
304003 1090 980 960 3030 2570 
304011 210 290 740 1240 860 
304012 410 680 1050 2140 1040 
304013 1280 1620 2260 5160 2900 








FIG. 20. Warehouse inventory—material turnover. 


personnel reports, etc. This phase has 
not been discussed. Rather, we have 
emphasized the application to refinery 
maintenance. The forms of the reports 
themselves are changing in our search 
for the best arrangement and associa- 
tion of data. The flexibility of the in- 
stallation makes such changes simple, 
and at no additional cost. No special 
operators’ skills are required. Yet the 
information gained is essential to the 
economicaLand resourceful operation 
of our refineries. 


We have illustrated the following 
types of control reports: 


1. Labor and materials for main- 
taining and operating every producing 
and service unit in the refinery, and 
also the expenses accrued by each re- 
finery account. 


2. Expenditures of labor and mate- 
rial further subdivided by type of 
equipment, period of time, and 
amounts of material used. 

3. Labor expenditures tabulated by 
individual jobs, crafts involved, man- 
hours, individual piece of equipment, 
and amount of overtime. 


Other papers at this session will em- 
phasize specific programs for improv- 
ing maintenance. The application of 
our types of controls is easily seen. 
They quickly gage the success of any 
other maintenance programs. No mat- 
ter whether the care of your equip- 
ment is insured by way of a preven- 


tive-maintenance program, or whether 
better mechanical shops are provided, 
or whether your maintenance work is 
organized through job planning and 
scheduling, the ultimate goal is to in- 
crease the productivity of your equip- 
ment and your workmen. In that goal 
your consumers benefit, your em- 
ployees benefit, and your stockholders 
benefit. By providing your refinery 
management with the proper tools and 
methods, its responsibilities will be 
discharged competently. Better main- 
tenance methods result in reduced 
costs, and they conserve capital. 
Energy and capital are then available 
to meet new challenges and to fulfill 
future obligations. The success of the 
oil industry in the past is outstanding. 
The application of vision and ingenu- 
ity to refinery maintenance is neces- 
sary to insure continuance of that suc- 


cess. kak 





Note: The International 
Business Machine Company 
has supplied the automatic 
business- machine installations 
in our refineries. The work- 
order form, job ticket, and 
material-requisition cards were 
prepared by the International 
Business Machine Company 
for use in these installations. 
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You name if...CRANE supplies it 
ooeEverything in refinery piping 


Take This Vapor Recovery Process Piping, for example. SOURCE OF SUPPLY 
Throughout this maze of valves, fittings, pipe and RESPONSIBILITY 
accessories, one name stands out—CRANE. The rea- 

, STANDARD OF QUALITY 
son? There’s no more complete source to turn to for : 
everything you need in quality piping equipment. - 
Look to your Crane Catalog for proof. You'll find it 
the key to quick—and complete—selection. 
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One order to this Single Source of Supply simplifies 
- every piping procedure. One Responsibility for mate- 
rials helps you get better installations, avoids needless 
delays. Crane fills your piping needs through a net- 
work of well-stocked cooperating Branches and 
Wholesalers, backed by large factory stocks. And for 
Highest Quality in every item, get Crane Quality— 
unsurpassed for more than 90 years. 


CRANE CO., 836 S. Michigan Ave., Chicago 5, III. 
Branches and Wholesalers Serving All Industrial Areas 
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Process Piping at Tower 
Structure in Vapor Recovery 
Unit, completely 


D 
equipped by Crane. r FA BR/ cATE 


PIPING 









































IN STEEL VALVES for all refinery services, § 
Crane offers a complete line. Gates, globes, 
angles and checks... in all sizes and types 
... for oil and oil vapor services up 
to 1100 Deg. F; for steam up to 1000 
Deg. F. Working pressures: 150 to ' 
1500 pounds; flanged, screwed or 
welding ends. Shown here, Crane 
No. 33X 300-pound Cast SteelWedge — 
Gate. See your Crane Catalog, p. 304. = 









































“EVERYTHING FROM... 


VALVES - FITTINGS 
PIPE - PLUMBING 
AND HEATING 





FOR EVERY P/IP/NG SYSTEM 
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pH Control Through the Use of a Sulphur Burner-Elimination 


of Scale and Prevention of Delignification in Cooling 


Towers and Similar Equipment. 


R. C.. ULMER? and J. F. CHURCHILL? 


Introduction 


Mutions of dollars are spent yearly 
in cleaning and replacing equipment 
in cooling water systems. In addition, 
owing to decreased heat transfer in 
the case of “dirty” equipment, there 
are further losses either in efficiency 
or capacity amounting to still greater 
sums. Fortunately, in recent years a 
better understanding has been reached 
regarding these problems and im- 
provements are possible. It is the pur- 
pose of this paper to review this in- 
formation. 


The Problem 


In discussing cooling water prob- 
lems we refer to any case where water 
is circulated through or over equip- 
ment to absorb or carry away heat. 
The chief types of equipment involved 
are cooling towers and related equip- 
ment for example in the petroleum 
field, engine jacket systems, refrigera- 
tion systems, steam condenser systems. 
air conditioning systems, etc. The sys- 
tems referred to involve at least three 
types of cooling water systems which 
can be classified as follows: 

|. Once-through systems. 

2. Open circulating systems. 

}. Closed circulating systems. 

The names pretty much indicate the 
difference between the systems. For- 
tunately the problems involved are 
about the same for: all three systems 
and are as follows: 

(a) Scale and Deposit Formation. 
Whenever water is heated or concen- 
trated, there is a tendency for ma- 
terials to come out of solution or pre- 
cipitate. The materials that precipitate 
may come out of solution on heating 
surfaces forming scale or some of the 
precipitated material suspended in the 
solution may deposit on the heating 


*Presented before California Natural Gas As- 
ociation Meeting in Los Angeles, September °, 
1948. 

*Technical Director. 

tWest Coast Divisional Manager. 
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surfaces. In either case, decreased 
heat transfer rate occurs and there- 
fore lower efficiency results. This is 
probably the most important problem 
encountered in such systems. 

The chief material that precipitates 
when water is heated or concentrated 
is calcium carbonate (CaCO,). Some 
difficulty is also encountered from the 
precipitation of iron oxide (Fe,O,). 
Both materials result from constitu- 
ents that are normally soluble in the 
water. Whether difficulty will be en- 
countered from the precipitation of 
these materials depends greatly on the 
pH solution. Most of the corrective 
measures for the prevention of scale 
and deposit in cooling water systems 
center around the elimination of the 
precipitation of these materials or 
upon the prevention of adherence of 
any of the materials that precipitate. 

(b) Corrosion. Since most waters 
contain ‘dissolved oxygen and carbon 
dioxide. both of which have a ten- 
dency to cause corrosion, this problem 
is often encountered and is discussed 
later in greater detail. The problem 
of corrosion is usually combatted by 
proper pH adjustment. 

(c) Algae and Slime. This prob- 
lem is so well known that it requires 
no explanation. Needless to say, dur- 
ing the “growing season” formation 
of such growths becomes a real nuis- 
ance and large losses result from de- 
creased efficiency and cavacity. 

(d) Delignification. This is an ap- 
parent rotting of the wood, the lignin 
and cellulose products being extracted 
leaving the wood in a stringy mass 
having little if any strength. This diffi- 
culty is caused almost entirely by the 
action of alkali on the wood. Proper 
control of the alkalinity or pH there- 
fore is the chief means used to combat 
the problem. 


Previous Corrective Means 


The chief. factors that affect scale 
or deposit formation are temperature. 
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rate of heat transfer, calcium, mag- 
nesium, silica, sulphate, and alkalinity 
concentrations, and especially pH 
value. Considerable work has been 
carried out to relate these factors to 
the problems encountered. By means 
of Langelier’s equations, which take 
into consideration pH, calcium, total 
alkalinity, dissolved solids, and tem- 
perature, it is possible to predict with 
some degree of accuracy whether a 
water is scale forming or corrosive. 
The Langelier index is well known in 
this respect. The basis of the index is 
whether or not water is saturated with 
calcium carbonate. If it is, there of 
course is danger of deposit formation. 
If it is not, there is little if any danger 
of deposit formation, but there is 
danger of corrosion. 


Some success has been experienced 
through the use of this index, but un- 
fortunately its determination and cal- 
culation are rather involved which 
eliminates its use as a field method. 
Also, it is very difficult to adjust the 
condition of the water so that it is 
just non-scale-forming and at the 
same time not corrosive. For this rea- 
son other procedures have been used. 


By far the most emphasis has been 
placed on the use of specific chemicals 
to prevent the precipitation of ma- 
terials from the water. The chemicals 
used are largely of the complex phos- 
phate type. None are 100 per cent 
efficient and some deposits will form. 
especially if the pH exceeds 8.0 to 8.9. 
This has led to the incorporation of 
organic materials along with the phos- 
phates to condition the material that 
does precipitate so as to make it non- 
adherent. Again it should be noted 
that the success of this method de- 
pends largely on pH control. In other 
words, the system is effective only if 
pH is below the range given. Sulphuric 
acid and other acidic materials have 
been used to some extent in an effort 
to control pH. but their usage has not 
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been generally accepted owing either 
to hazards involved or to cost. 

These chemicals also are advocated 
to eliminate corrosion if the pH is so 
low that corrosion will take place, for 
example, below 7.5. Needless to say. 
such a‘lqw pH in the cooling water it- 
self is seldom encountered. 

With respect to delignification, lit- 
tle attention has been given to this 
problem until recently. Fortunately, 
as discussed later, the remedy is very 
simple. 


Recommended Corrective Means 


A consideration of the short-com- 
ings of the previous corrective means 
referred to, together with the results 
of investigative research has led to 
the adoption of the use of an effective 
anti-precipitating agent in conjunc- 
tion with a sulphur burner to control 
pH for the elimination of cooling 
water problems. A photograph of the 
essential equipment involved is shown 
in Fig. 1, and Fig. 2 shows a line dia- 
gram of a typical installation. Refer- 
ring to Fig. 2, it will be noted that the 
essential equipment consists of a sul- 
phur burner for forming sulphur di- 
oxide, and an absorption tower for 
absorbing the sulphur dioxide in the 
cooling water. The anti-precipitating 
agent is fed into the effluent from the 
absorption tower. 

The actual construction, design. 
and usage of the sulphur burner is 
discussed in greater detail in a bul- 
letin dated 1-12-48 RCU, titled, “Scale 
Prevention and Alkalinity Control 
Through the Use of a Sulphur 
Burner.” These bulletins are avail- 
able upon request. 

The burner is so designed and con- 
structed as to require little care. In 
fact, once the burner is in operation. 
all that is necessary is to fill the sul- 
phur hopper once a day or so and to 
adjust the air supply. Either a com- 
pressed air line or a blower can be 
used to supply the air. The amount of 
air passed through the burner cham- 
ber governs the amount of sulphur 
burned and consequently the amount 
of alkalinity reduction. The leveling 
of sulphur in the burner chamber is 
automatic, all that is necessary being 
to adjust the gas flow through and 
around the hopper so as to maintain 
the molten sulphur in a certain tem- 
perature range. A by-pass valve is pro- 
vided for this purpose. The gas passes 
from the burner to the absorption 
tower. A part or all of the water from 
the heat transfer equipment may be 
passed through the tower. The tower 
will handle 100 gpm satisfactorily. 
This makes possible’ treating very 
lacge volumes of water, for example. 
such as involved in large cooling tow- 
ers or in large boiler plants since only 
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SULPHUR HOPPER I 


4 fa AIR INLETS 


* — - ne 
{BLOWER _OR COMPRESSED: 


THERMOMETER WEL 


BURNING CHAMBER 





| UNTREATED WATER 





TREATED WATER 
4 t 


APA ADDDITION 


FIG. 1. Typical set-up for sulphur burner. 
APA treatment of cooling tower. 


a small fraction need be passed 
through the burner-tower combina- 
tion. 

The burners are currently available 
in three sizes. The large one will burn 
3 to 15 lb of sulphur per hr; the 
medium size one one to five lb of sul- 
phur per hr and the small one 0.2 to 1 
lb of sulphur per hr. On the basis of 
sulphuric acid this corresponds in the 
case of the large burner to the use of 
12.4 to 46.5 lb of sulphuric acid per 
hr; the medium sized burner to the 
use of 3.1 to 15.5 lb of sulphuric acid 
and in the case of the small burner to 
the use of 0.62 to 3.1 lb of sulphuric 
acid per hr. Larger burners can be 
supplied or several of the large size 
can be used in case more capacity is 
required. 

From a chemical standpoint, in the 
burner the sulphur is burned to sul- 





phur dioxide— 


+0, — 


Sulphur oxygen 


—— SO, 
Sulphur dioxide 
The sulphur dioxide dissolves in 
the water in the absorption tower 
forming sulphurous acid— 


400 —__...4. Sa 


Sulphur dioxide water Sulphurous acid 


The sulphurous acid formed reacts 
with any alkalinity present, for ex- 
ample sodium bicarbonate or calcium 
bicarbonate, neutralizing it— 


2NaHCO, + H.SO, —> 
Sodium bicarbonate Sulphurous acid 
Na.SO, + 2H,O + 2CO, 


Sodium sulphite Water Carbon dioxide 


In reducing alkalinity 0.32 ppm of 
sulphur when burned will neutralize 
1 ppm of alkalinity expressed as calci- 
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um carbonate. Consequently, 0.32 lb 
of sulphur will be required for each 
ppm of alkalinity sedition desired 
for each 1,000,000 lb of water in- 
volved. Expressed on the basis of 
1000 gal, this amounts to 0.0027 lb of 
sulphur per ppm alkalinity’ reduction 
desired per 1000 gal of water involved. 


Approximately 3.1 times by weight 
as much sulphuric acid as sulphur is 
required for alkalinity reduction. 
Currently. sulphur costs about 0.9 
cents per pound and sulphuric acid 
about 1.6 cents per pound. Conse- 
quently, 0.9 cents worth of sulphur 
will reduce as much alkalinity as 4.9 
cents worth of sulphuric acid. On a 
million pounds of water basis, follow- 
ing are the pertinent data on the rela- 
tive costs per ppm reduction: 


Sulphuric 
acid Sulphur 
lb per ppm reduction 
per 1,000,000 Ib 
_” | RR ieee SE 0.99 0.32 
Cost cents per ppm 
reduction per 1,- 


000,000 Ib H,O.... 1.6 0.29 


Consequently, it is obvious that in 
addition to being more convenient and 
safe to use, sulphur through the use 
of the sulphur burner is much cheaper 
than sulphuric acid for alkalinity re- 
duction. Thus pH control is possible 
and practical, and when the burner is 
used in conjunction with a proper 
anti-precipitating agent, scale and de- 
posit formation and corrosion will be 
eliminated. It should be noted that 
through the use of the sulphur burner 
proper, pH control is made possible 
without the hazards and high costs 
normally involved in previously used 


methods. 


As to algae and slime control, in 
general fairly satisfactory results have 
been obtained with materials cur- 
rently available. The chief materials 
being used are chlorine and com- 
pounds based on chlorine, phenates or 
compounds based on phenol, copper 
sulphate, and more recently bromine 
and complex ammonium compounds. 
In some cases the organisms build up 
a tolerance to any one of the materials 
listed, in which case it may be neces- 
sary to switch to one of the others for 
a short period. 

Although too recent for any defi- 
nite conclusion, there are indications 
that the use of the sulphur burner will 
decrease or eliminate the growth of 
algae and slime. At present it is not 
known whther the action is one of 
toxicity or of decreased oxygen con- 
tent. In any case, in the installations 
made so far it has not been necessary 
to use supplementary treatment for 
algae control. 

As mentioned previously delignifi- 
cation of wood is eliminated and pre- 
vented through the control of pH with 
the sulphur burner. A pH of 8.0 to 8.5, 
which is necessary in any case for 
scale prevention, insures little if any 
attack on the wood. 


Operating Data 


Following are typical data for 
plants operating with the sulphur 
burner. Plant A is in the California 
area and Plant B in the Texas area. 


In the case of Plant A before the 
use of the sulphur burner, practically 
every type of treatment was tried but 
bad scaling occurred because of the 
high pH. After starting use of the sul- 
phur burner in conjunction with anti- 
precipitation treatment, the old scale 


FIG. 2. Equipment diagram of sulphur burner—APA system for treatment 
of water to prevent scale and/or lower the alkalinity. 
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Plant A. 

Main Mair 
Make-up tower* tower" 

ne ROR Pon eee 7a: 08 . 75 
Phenol-alkalinity (CaCQs). . . 0 0 0 
Total alkalinity (CaCO3)..... 260 350 99 
Hydrate alkalinity (CaCOQs). . 0 0 0 
Total Hardness (CaCO3)..... 499 1950 1150 
Chlorides (Cl).............. 49 208 103 
Sulphates (SQy)............. 531 2400 1408 
i eee 19 70 43 
Phosphate (PO,)..... 0 4 h 


Note; Results are in ppm. 
*Operating as single unit. 


**Operating with some tuwer water used as make-up 
for 5 other towers. 





Plant B. 

Main tower 
Raw basin 

Met teh sok vrlowhidaae nces es aa. 7.8 8.2 
Phenol-alkalinity (CaCQ3). ..... —_ 0 0 
Total alkalinity (CaCOs)......:... 190 2060-300 
Total hardness (CaCQs)........... 105 700-800 
oe eer 33 120-180 
See nore fee 8 540-750 


Note; Results are in ppm. 








gradually disappeared and no new 
scale was formed. Also, no corrosion 
or algae has been experienced. 


About the same operating condi- 
tions were experienced at Plant B. 
Before the use of the sulphur burner 
design terminal temperature differ- 
ences of 5.0 F were exceeded values of 
16 to 24 F being common. This condi- 
tion would often occur in 60 days. 
Since this tower supplied cooling 
water for condensers on turbines, it is 
obvious that a serious decrease in 
efficiency and capacity resulted. With 
the burner, in general, design condi- 
tions are maintained although values 
as high as 8 F sometimes occur. 


Conclusions 


In recent years the chemical and 
physical aspects of scale and deposit 
formations and of corrosion in cool- 
ing water systems have been fairly 
well determined. Delignification or 
deterioration of wood in such systems 
also is understood. In the cases men- 
tioned, the presence of too much alka- 
linity, that is a high pH, in the cool- 
ing water is the chief cause of the difh- 
culties. In the past, little if anything 
has been done to correct these situa- 
tions largely because the acid required 
is hazardous to use and other acidic 
materials are too costly. Now owing 
to the practical application of a sul- 
phur burner and a proper anti-pre- 
cipitation agent to these problems, a 
practical solution is possible at little 
cost and with little maintenance and 
labor. Proper operation of equipment 
at high efficiency and capacity and 
with a minimum of cost and upkeep 
is thus insured. ka 
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We carry your 


water conditioning job 


a step further 


The efficiency and economy of any water conditioning 
installation depends, to a great extent, upon the design 
of the equipment. But to make certain that the design 
will be right for your requirements . . . we, at Graver, 
carry the job a step further. 

PRELIMINARY ANALYSIS — Your raw water sup- 
ply is thoroughly investigated and the results form the 
basis for all future calculations. A sample of your water 
supply, sent to our laboratories now, will get your job 
started. There is no obligation. 

SURVEYS — The requirements for your conditioned 
water are thoroughly studied, together with the advan- 
tages of the several types of equipment which may ac- 
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complish the job. The one type which offers maximum 
efficiency at minimum cost is recommended. 
CERTIFIED FINAL ANALYSIS — Before design 
work is started we will furnish a certified final analysis 
of the treated water, the conditions of which must be 
met or exceeded by the completed installation. 
ERECTION—Competent field erection crews are avail- 
able for the installation of your Graver equipment. 
These crews are your assurance of a job well done in 
this final phase of meeting your water conditioning 
problem. 

Call Graver today. Let us start now to carry your job a 
step further. 


_+GRAVER WATER CONDITIONING CO. 


424 Madison Avenue, NEW YORK 17, N. Y. 
CHICAGO e PHILADELPHIA e CLEVELAND 










Mid-Continent gas transmitted to 
California via the Biggest Inch Pipe 
Line has a different odor, and its use 
increased greatly the number of gas 
leak customer calls to Southern Cali- 
fornia Gas Company. It was found 
that addition of air to the gas reduces 
the quantity of mercaptans present, 
and increases correspondingly the di- 
sulphide content. Air was added to the 
main line 216 miles from Los Ange- 
les, allowing 24 hours reaction time 
with the mercaptans in the gas. Com- 
plete conversion to disulphides was 
effected by addition of 0.002 volume 
per cent of air, about the theoretical 
amount of oxygen needed for the mer- 
captan sulphur present. To retain some 
warning odor, the air was reduced to 
leave about 0.3 grains of mercaptan 
sulphur per 100 cu ft of gas. Various 
methods for sulphur removal are dis- 
cussed also, herein. 


Introduction 


N arora gas from the fields in Texas 
and New Mexico was transmitted for 
the first time in November, 1947, 
through the Biggest Inch pipe line for 
distribution in Southern California. A 
problem resulted because of the dif- 
ference and intensity of the odor of 
this Midcontinent gas compared to 
that of California natural gas previ- 
ously distributed. The Midcontinent 
gas after treatment for gasoline, water 
vapor and hydrogen sulphide removal 
still contains small concentrations of 
mercaptans naturally present in the 
gas. These mercaptans give the gas a 
strong, penetrating and somewhat un- 
pleasant odor. The California natural 
gas distributed contains no mercap- 
tans or other sulphur compounds nat- 
urally occurring, and the addition of 
an odorant is necessary. The Southern 
California Gas Company has been 
using a commercial odorant for this 
purpose and its consumers have been 
accustomed to odorized gas for the 
past 19 years, associating fuel gas 
leakage with its characteristic odor. 
California odorized gas has a neutral 
odor being neither pleasant nor un- 
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Experience With Odor and Deodorization 
of Mid-Continent Natural Gas 


J. S. POWELL 





The Author 


J. S. Powell 
is a chemical 
engineer with 
the Southern 
California Gas 
Company in 
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engineering 
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‘Gas Company operated a Butadiene 
plant for the Office of Rubber Reserve, 
Reconstruction Finance Corporation. 
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technical department and prior to the 
close of operations was technical su- 
perintendent. 














pleasant, and its odor is less intense 
and penetrating than that of Midcon- 
tinent gas. 


The main concern to the Southern 
California Gas Company as the result 
of the distribution of Midcontinent 
gas, is the fact that there has been a 
large increase in the number of leak 
complaints reported by consumers 
over the. previous basic rate, with a 
subsequent increase in service costs. 
The leaks reported are in most in- 
stances the result of gas discharge 
from burners previous to the ignition 
of the gas, or are such small leaks that 
no hazard is involved. Consequently 
the service calls are not only more fre- 
quent than when California odorized 


_ gas was served, but more man hours 


are spent per investigation, and the 
public is subjected to unnecessary con- 
cern or annoyance. Fig. | is a graph 
showing the leak complaint rate from 


_1945 through 1948 in the eastern divi- 
sion whick has been supplied with un-’ 


diluted Midcontinent gas since No- 
vember,1947; also:shown is the leak 
complaint rate in the San Joaquin Val- 


P 629.2 





ley where only California natural gas 
is distributed, as well as the average 
monthly mercaptan sulphur content of 
the Midcontinent gas. It will be noted 
that the leak complaint rate in the east- 
ern division is nearly proportional to 
the mercaptan suphur content of the 
gas. 

In addition to the odor of Midcon- 
tinent gas being a problem, field and 
laboratory investigations have re- 
vealed that the mercaptans present are 
corrosive to copper and copper bear- 
ing alloys and that mercaptans are 
more corrosive than other types of 
organic sulphur compounds. This cor- 
rosion which results in pilot stoppages, 
occurs in appliance pilots especially in 
the copper tubing which supplies gas 
to the pilot and where the tubing is at 
an elevated temperature by being in 
close proximity to the main appliance 
burner. There is also some evidence 
that mercaptans in the gas corrode 
copper-even at ambient temperatures. 
It has been proven that mercaptans 
will only corrode copper if oxygen is 
also present in the gas. The Midconti- 


FIG. 1. Trend of completed customer 

leak requests Eastern and San Joaquin 

Valley divisions and mercaptan sul- 
phur content of Midcontinent gas. 
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nent gas contains no detectable con- 
centration of oxygen, however in some 
instances it becomes mixed with Cali- 
fornia distribution gas, which in most 
cases contains some oxygen. 


\n estimate of the increase in serv 
ice costs attendant with the distribu- 
tion of Midcontinent gas indicated that 
it would be economically justifiable to 
treat it for mercaptan removal. There- 
fore an investigation herein reported 
was undertaken to provide a process 
by which mercaptans in the Midcon- 
tinent gas could be either removed, re- 
duced in concentration, or converted 
to less odorous and corrosive sub- 
stances. 


Sulphur Content of Natural Gas 


Midcontinent Gas: Natural gas 
transmitted through the Texas-Cali- 
fornia pipe line comes from the Per- 
mian basin in West Texas and South- 
eastern New Mexico and the Hugoton 
field in the Texas Panhandle. The raw 
gas from the various sources contains. 
per 100 standard cu ft, from 30 to 650 
grains of hydrogen sulphide sulphur, 
from 1.5 to approximately 7 grains of 
mercaptan sulphur and from 0.1 to 
0.4 grain of residual organic sulphur. 


The gas from all sources is treated 
to remove hydrogen sulphide and 
water vapor by passage through gly- 
col-amine plants. The gas from most 
sources, before treatment in the gly- 
col-amine plants, is also passed 
through either high or low pressure 
gasoline absorption plants. From 50 
to 85 per cent of the mercaptan sul- 
phur in the gas is removed on passage 
through the absorption plants, and the 
residual sulphur is reduced to below 
0.1 grain per 100 cu ft. The higher the 
absorption pressure the more complete 
is the removal of all organic sulphur. 


The glycol-amine plants reduce the 
hydrogen sulphide sulphur content of 
the gas to below 0.25 grain per 100 cu 
ft and also take out from 35 to 85 per 
cent of the remaining mercaptan sul- 
phur. The overall result of the gas 
treatment is to produce a composite 
gas from the various sources contain- 
ing. per 100 standard cu ft, less than 
0.25 grain of hydrogen sulphide sul- 
phur, from 0.5 to 1.0 grain of mer- 
captan sulphur, and less than 0.1 grain 
of residual organic sulphur. These 
values may change somewhat due to 
seasonal changes in plant operating 
conditions and the percentage change 
in gas from various sources. During 
the hot months of the year, the mer- 
capian content of the gas is higher 
than during the cold months. 


‘able 1 gives some typical data on 
the sulphur content of the gas in and 


THE 


" PETROLEUM ENGINEER, Reference 


Ne OO 





TABLE 1. Sulphur content of natural gas processed by the El Paso Natural Gas 
Company in the Permian Basin, September 18, 1947. 

















. Sulphur gr./100 fts as; ’ 
Processing plants Hydrogen sulphide Mercaptan Residual 
sulphur sulphur sulphur 
E.P.N.G. gasoline and treating plant Jal No. 1; 
: . eed eT Oe 136 6.05 0.39 
Inlet to high pressure absorption plant (sweet gas....... ; 28.6 5.34 0.34 
; , (Keystone gas...... 39.8 1.67 <0.10 
Composite gas to treating plant......................0..005- 74.5 0.88 <0.10 
ean a nn io eee eee None 0.56 <0.10 
E.P.N.G. gasoline and treating plant Jal No. II; 
Composite gas to high pressure absorption plant...................... 34.3 3.80 0.10 
SAUD AP MMII 55.0 55 coal ERR Cons Sal vara neces eibcewabegaas 28.7 1.77 <0.10 
re es een Snes eee None 0.47 <0.10 
E.P.N.G. Fullerton compression and treating plant; 
Residue gas to be treated from Phillips low pressure absorption plant. . 37.0 4.13 0.18 
E.P.N.G. Eunice compression and treating plant; 
Inlet to treaters; 
Gas from Warren low pressure absorption plant..................... 611 2.31 
Gas from Phillips low pressure absorption plant............../....... 342 3.87 
CRE SURI WII III 55 Song 5a wis 45k ces Sede tuace ks ew eine 2.46 1.35 <0.16 
*Plant overloaded not typical of good operation. 
‘ cad 
ae ” 
HO AME 

















26” LINE TO CALIFORNIA 


2 
N S 
ao 
2 





16” 









» WARREN 





16” LINES TO El PASO o 





EL PASO NATURAL GAS COMPANY, 
COMPRESSOR AND GAS TREATING PLANTS 








Annual, 1949 





7} SLAUGHTER 


LP. GASOLINE PLANT 


PHILLIPS 










TREAT. DEHYD, 


PHILLIPC 


L.P. GASOLINE PLANT 
. PHILLIPS 





C-33 











S. Powell, standing, and F. V. Wilby are examining the 
litralog, devised by Consolidated Engineering Company, 


and used to determine the sulphur content of Texas gas as 
it flows through the Biggest Inch line at Santa Fe Springs. 


out of a few processing plants, and 


lig. 2 is a diagrammatic sketch show-: 


ing the gas sources and plants. 


California Gas: The natural gas 
from the various sources in Califor- 
nia distributed by the Southern Cali- 
fornia Gas Company does not require 
treatment for removal of sulphur com- 
pounds. The gas from all sources con- 
tains less than 0.3 grain of hydrogen 
sulphide sulphur per 100 cu ft, or any 

as from a source exceeding this con- 
entration is diluted with other gas to 
the extent that the mixture is below 
0.3 grain. No measurable amount of 
nercaptan or other organic sulphur 
s present naturally in the gas distrib- 
uted. Odorant is added to the gas 
which introduces about 0.4 grain of 
rganic sulphur per 100 cu ft. 


Character of Odor of 
Midcontinent Gas 


(he Midcontinent gas received in 


California for distribution is reported 
to have an offensive odor and has been 
described as having an.odor similar to 
cooking cabbage. The odor is essen- 
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tially produced by the mercaptan sul- 
phur present, and it is believed that 
this sulphur is mostly methyl mercap- 
tan since the processing operations in 
Texas would tend to remove preferen- 
tially the higher molecular weight 
mercaptans. The odor of Midcontinent 
gas can be detected by an individual 
in a much lower concentration than 
can California odorized natural gas. 
However, the individual exposed to 
the Midcontinent gas odor cannot per- 
ceive the odor for as long a time as he 
can the odor of California odorized 
gas. It is apparently the nature of the 
odor of a mercaptan to be detectable 
in very low concentrations, but also to 
rapidly fatigue the olfactory senses. 
The odorant used in odorizing Cali- 
fornia natural gas is a mixture of vari- 
ous organic sulphur compounds essen- 
tially of the sulphide and disulphide 
type. It appears from recent studies 
that the threshold concentration of this 
type of odorant for odor detection is 
not as low as that of the mercaptan 
type of odorant, but it is more persis- 
tent on continuous exposure. 

The nature and concentration of 


Here L. V. Kleiner and Ben Pazol are operating a specially 
constructed device for the study of sulphur removal from gas 
by various processes. 
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mercaptans in Midcontinent gas make 
possible the detection of leakage gas 
in a dwelling in very small concentra- 
tions, especially on first exposure to 
the odor. Such leakage might result 
from the delayed ignition of a burner 
or from very small leaks in gas piping 
systems. The concentration of gas de- 
tectable is far below that which would 
constitute a hazard. 


Chemical Nature of Mercaptans 


There is a homologous series of 
mercaptans similar to that of the sat- 
urated hydrocarbons. Some of the first 
members of this family in the order 
of their increasing molecular weight 
and boiling points are methyl mercap- 
tan, ethyl mercaptan, propyl mercap- 
tan, butyl mercaptan and amyl mer- 
captan. The chemical formula of a 
mercaptan is RSH where R designates 
the parent hydrocarbon or alkyl 
group. 

The mercaptans are among the most 
odorous compounds known, all having 
unpleasant odors. The lowest molecu- 
lar weight mercaptans have the most 
offensive odor and the odor of the mer- 
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captan becomes less offensive as the 
molecular weight increases. 


Mercaptans are quite chemically re- 
active and therefore are not very 
stable. The two most common re- 
actions which they undergo are (1) 
reaction with a strong base or heavy 
metal salts to form mercaptides, and 
(2) oxidation to form disulphides or 
higher oxidation products. For ex- 
ample sodium hydroxide solution ab- 
sorbs mercaptans to form soluble so- 
dium mercaptides, a silver nitrate 
solution will absorb mercaptans to 
form insoluble silver mercaptides, and 
oxygen in the presence of a catalyst 
will readily oxidize mercaptans to 
disulphides. 


Disulphides have the formula R-S- 


S-R, and nearly double the molecular . 


weight of the mercaptan from which 
they are formed. Consequently they 
have a much higher boiling point than 
the corresponding mercaptans. Also 
the odor of the disulphides is much 
less unpleasant and less intense than 
that of the parent mercaptans. 


First Attempt at Gas Odor Control 


Laboratory tests showed that when 
air was added to Midcontinent gas 
confined and circulated in a closed 
vessel, consisting of two parallel 
lengths of 26-in. pipe connected to- 
eether at each end, the mercaptan con- 
centration of the gas rapidly decreased 
with an increase in the concentration 
of disulphides. When all of the mer- 
captans had been converted, the gas 
was almost odorless. As the result of 
this experimental work, air was in- 
jected into the Texas-California pipe 
line early in June, 1948, at Blythe. 
California, which is 216 miles from 
Los Angeles, providing a reaction con- 
tact time of approximately 24 hours. 
Complete conversion of the mercap- 
tans in the gas to disulphides occurred 
within the first 100 miles of pipe line. 
The quantity of air required for com- 
plete conversion of the mercaptans 
was approximately the amount neces- 
sary to supply the theoretical amount 
of oxygen or 40 cu ft of air per MMCF 
of gas per grain of mercaptan sulphur. 
The Midcontinent gas at this time 
which contained about 0.5 grain of 
mercaptan per 100 cu ft required the 
addition of 0.002 volume per cent of 
air to produce complete conversion of 
the mercaptans. 


Complete conversion of the mercap- 
tans in the gas was not desired. since 
the odor of the gas was so slight under 
such conditions that odorization would 
have been necessary. Therefore the air 
injection rate was adjusted to main- 
tain the mercaptan level of the gas at 
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about 0.3 grain of mercaptan sulphur 
per 100 cu ft. In this manner the mer- 
captan sulphur level was controlled for 
several months, however, it was ob- 
served that the length of pipe line re- 
quired for conversion of the mercap- 
tans gradually increased with time, 
until eventually no significant conver- 
sion occurred in the pipe line between 
Blythe and Los Angeles, regardless of 
the quantity of air added. 

The injection of air into the pipe 
line at Blythe immediately resulted in 
a decrease in the number of leak com- 
plaints as is shown in Fig. 1, and al- 
though the ability of the air to oxidize 
the mercaptans in the gas decreased 
with time, the mercaptan content of 
the gas remained quite low because 
additional gas was obtained from 
other sources in Texas of lower sul- 
phur content and more efficient treat- 
ment of the gas in the processing 
plants occurred due to seasonal 
changes in conditions. 

The conditions for the oxidation of 
mercaptans to disulphides by oxygen 
were further studied in the laboratory. 
It was learned that oxygen alone would 
not oxidize mercaptans, but would 
only do so in the presence of iron 
oxide. The iron oxide had to. be in an 
active form. Ignited iron oxide was 
not active but an active type was that 
obtained from iron rusting in the at- 
mosphere. However, iron oxide did 
not permanently retain its activity in 


promoting the oxidation of merc ip- 
tans. On use it gradually became 'ess 
active until the oxidation of mercap. 
tans by oxygen in its presence no 
longer took place. Comparative chem- 
ical analyses of inactive iron oxide 
and the active form did not reveal any 
apparently significant differences in 
composition. The inactive iron oxide 
only contained approximately 0.4 
weight per cent more sulphur than the 
active type and both materials had 
about the same ratio of ferrous to fer- 
ric iron. 

The oxidation of various types of 
mercaptans as contained in the com. 
mercial odorants of the mercaptan 
type was investigated. It was found 
that all mercaptans from methyl 
through amyl mercaptan were readily 
oxidized at about the same rate by 
oxygen in the presence of iron oxide. 
Thus it can be seen, that the mercap- 
tan type of odorants on first use would 
not be stable in pipe line systems con- 
taining gas with oxygen present. How- 
ever, it would be expected that with 
the continual use of such odorants 
they could become stable when the 
iron oxide on the walls of the pipe lines 
became inactive. 

Apparently the oxidation of mer- 
captans to disulphides in one part of 
a pipe line system and then subsequent 
reduction of these disulphides back to 
mercaptans in another part of the 
system is possible. Such a phenome- 


Mercaptans, especially objectionable from the standpoint of odor, are 
converted by this apparatus to less odorous compounds. Jack Mazelli 
is the research assistant making notes. 
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non occurred in the offtake line from 
the main California-Texas pipe line to 
supply gas.to the Imperial Valley. 
This pipe line consists of about 80 
miles of 8-in. pipe from the off-take 
point to Calipatria, California. From 
Calipatria to the Mexican border vari- 
ous sizes of pipe were laid. The 8-in. 
line was laid with new pipe whereas 
the remainder of the line was laid with 
reclaimed pipe. When Mid-Continent 
gas containing a small amount of 
oxygen was first passed through this 
line, complete conversion of the mer- 
captans to disulphides occurred by 
the time the gas reached Calipatria. 
However, further tests of the gas for 
its mercaptan content downstream 
from Calipatria revealed that there 
was a gradual increase in the mer- 
captan content of the gas along the 
pipe line, reaching a maximum of 
about 0.4 grain per 100 cu ft at the 
southernmost part at Calexico. 


The only apparent logical explana- 
tion of this phenomenon is that the 
reclaimed pipe downstream from Cali- 
patria afforded a reducing environ- 
ment because of the nature of its sur- 
face, causing the disulphides formed 
in the first part of the line to be re- 
duced back to mercaptans. That such 
a reduction did take place was con- 
firmed by chemical analyses of the 
eas along the pipe line at several dif- 
ferent times for both mercaptan and 
total sulphur. Futhermore it was 
shown in the laboratory that iron wet 
with slightly acid water would readily 
reduce disulphides in gas to mercap- 
tans. 


Processes for Mercaptan Sulphur 
Removal or Conversion 


When it was apparent that the injec- 
tion of air into the California-Texas 
pipe line would not permanently bring 
about the conversion of the mercap- 
tans in the gas to disulphides, labora- 
tory work on the development of a 
nlant process to adequately treat the 
Mid-Continent gas to effect odor re- 
moval was undertaken. Two tvpes of 
processes are being considered: (1) 
complete sulphur removal, and (2) 
conversion of the mercavtans to disul- 
hides. The former would be the most 
satisfactory since after reodorization 
of the treated gas from both types of 
processes with a sulphur containing 
odorant, the total sulphur content of 
the gas treated by the former process 
would be lower than when treated by 
the latter. A low sulphur content of 
the gas is desirable since it has been 
shown that sulohur compounds in gas 
assist in corroding pilot tubes and tips 
forming corrosion products resulting 
in pilot stoppages. 
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Excess of organic sulphur compounds in gas for domestic use causes fouling 
and eventual stoppage of pilots. Myron L. Robinson is here in charge of a 
set-up that measures this effect in relative terms. 


‘Removal Processes: Removal proc- 
esses fall into three classes: 


(1) The use of a liquid or solid 
material which is brought in contact 
with the gas and removes the mercap- 
tans present by chemical combination, 
(2) catalytic conversion of the sul- 
phur compounds in the gas to hydro- 
gen sulphide with the subsequent re- 
moval of the hydrogen sulphide, and 
(3) the use of a solid or liquid 
brought in contact with the gas which 
removes all sulphur compounds by 
physical absorption or adsorption. 

Processes which have been investi- 
gated or considered of the type de- 
scribed in (1) are listed below: 


a. Scrubbing of the gas with caustic 
solution, 


b. Scrubbing of the gas with solu- 
tions of zinc or cadmium salts, 


c. Scrubbing of the gas with solu- 
tions of calcium hypochlorite or 
sodium hypochlorite, 


d. Contacting of the gas with cop- 
per oxide placed on a suitable 
solid carrier. 


All of the above processes employ- 
ing water solutions of a reagent have 
a big disadvantage in that the gas 
would be rehydrated and would re- 
quire subsequent dehydration. In ad- 
dition processes a and b are not eco- 
nomical if the gas contains carbon 
dioxide above 0.005 per cent which is 
quite likely possible. Process d has 
the disadvantage that in order for the 
mercaptans in the gas to react with 
copper oxide, the gas must have a 
higher dew point than desirable. Also 
this process gives both removal and 
conversion. : 


There is only one process of the 
type described in (2) which has been 
investigated; this is the catalytic con- 
version of the sulphur compounds in 


the gas to hydrogen sulphide by bring- 
ing the gas at a temperature of about 
700 F in contact with a solid carrier 
impregnated with compounds of co- 
balt and molybdenum. This. process 
has many disadvantages in that high 
temperatures are required, incom- 
plete conversion is obtained, and the 
removal of the hydrogen sulphide 
would be a costly operation. 


Process of the type described in (3) 
which have been considered or investi- 
gated, or are being investigated, are 
as follows: 


a. Scrubbing of the gas with ab- 
sorption oil, 


b. Passing the gas through a bed of 
activated charcoal, 


c. Passing the gas through a bed of 
silica gel. . 

Process a has been eliminated be- 
cause calculations have shown that an 
absorption oil process would not be 
practical to remove such small con- 
centrations of low molecular weight 
mercaptans. 


Process b is now being thoroughly 
investigated. This process would be 
satisfactory, if the capacity of the 
charcoal to remove sulphur com- 
pounds from the gas would not de- 
crease significantly on continuous use 
involving a cycle of adsorption and 
reactivation. So far in a laboratory 
test simulating the conditions for a 
plant operation, the charcoal suffers 4 
large drop in capacity after a few 
cycles of adsorption and reactivation. 
This change in capacity may be due 
to compressor oil in the gas from the 
laboratory compressor being adsorbed 
by the charcoal and not displaced dur- 
ing reactivation. If such is the case, a 
plant process may still not be feasible 
since the pipe line gas is passed 
through absorption oil plants, oil-type 
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dust scrubbers, and compressor plants 
providing ample opportunity for the 
gas to pick up oil. Further work is 
necessary before a definite conclusion 
can be reached. 

The use of silica gel as an adsorbent 
to remove sulphur compounds from 
the gas is also being studied. Silica 
gel has a greater affinity for organic 
sulphur compounds than for hydro- 
carbons, and consequently it has been 
found to adsorb mercaptans and re- 
sidual organic sulphur from the Mid- 
Continent gas without reducing the 
heating value of the gas, as much as 
occurs with activated charcoal. Fur- 
thermore, no loss in capacity of the 
silica gel appears to take place after 
numerous cycles of absorption and re- 
activation. 

Conversion Processes: The conver- 
sion -processes investigated or being 
investigated are of two types: (1) the 
oxidation in situ of mercaptans in the 
gas to disulphides by the injection 
into the pipe line of an oxidizing agent 
not requiring the presence of a cata- 
lyst to promote the oxidation, and (2) 
the oxidation of the mercaptans in the 
gas to disulphides by injecting air 
into the gas prior to the passage of the 
gas through towers packed with a cata- 
lytically active material to promote 
the oxidation. Examples of the first 


type which have been investigated 


are: 

a. Oxidation with ozone. 

b. Oxidation with chlorine. 

c. Oxidation with nitrogen dioxide. 

Preliminary tests have indicated 
that ozone will oxidize the mercap- 
tans in the gas. Apparently the oxida- 
tion goes beyond the disulphide stage. 
The results of these tests have been 
sufficiently encouraging that the eco- 
nomics of such a process will be 
studied, and if they are favorable, 
more laboratory work will be per- 
formed to determine the best operat- 
ing conditions and the nature of the 
oxidation products formed. 

It has been found that chlorine does 
not oxidize the mercaptans in the gas 
to disulphides but apparently forms a 
substitution product that has an odor 
of a rather irritating nature. Because 
of this, and the possibility of internal 
pine line corrosion if chlorine were 
injected into the gas. Process b has 
heen eliminated. 

Process c has been eliminated since 
it has been found that there is no re- 
action between nitrogen dioxide and 
mercaptans under the conditions that 
would be imposed. 

\ plant process using air and a 
catalyst to promote the oxidation of 
the mercaptans in the gas to disul- 
phides, is being developed at present. 
Laboratory work has revealed that 
there are a number of catalytic sub- 








stances which will promote at ambient 
temperature the oxidation by oxygen 
of mercaptans to disulphides. The 
most active of these are the oxide of. 
cobalt and iron. Suitable catalytic 
material has been prepared by soak- 
ing pumice granules in a strong solu- 
tion of either cobaltous or ferric 
nitrate, and then decomposing the 
nitrate to the oxide by heating the 
pumice granules to 600 F in the pres- 
ence of steam. On use the catalyst 
gradually loses its activity and event- 
ually requires reactivation. It has been 
found that reactivation can be ac- 
complished by passing a mixture of 
steam and air through the catalyst 
bed at 400 F for several hours. 


Summary 


The residual mercaptan sulphur in 
Mid-Continent gas gives it a stronger 
and more unpleasant odor than that 
of California odorized natural gas. 
This has resulted in a higher leak 
complaint rate in the areas served 
with Mid-Continent gas than formerly 
existed when California gas was 
served. The leak complaint rate and 
mercaptan content of the Mid-Con- 
tinent gas correlate well. 

The mercaptan content of the Mid- 
Continent gas was successfully re- 
duced temporarily by the injection of 





air into the Texas-California pipe line, 
thus causing the conversion of mer- 
captans to disulphides. The iron oxide 
on the pipe wall acted as a catalyst in 
this oxidation process, however, after 
several months it became inactive and 
the oxidation ceased. 

Work is presently in progress to 
develop a reliable and economic proc- 
ess by which mercaptans and other 
sulphur compounds can be removed 
from the Mid-Continent gas or, as a 
less desirable alternative, a process 
for the conversion of mercaptans to 
disulphides. A process of the former 
type which is under investigation is to 
contact the gas with an adsorbent 
such as activated charcoal or silica 
gel. Work on this process is still in 
the laboratory stage and has not yet 
been successfully completed. A proc- 
ess of the latter type on which labo- 
ratory scale work is nearing a success- 
ful completion, but would of course 
have to be proved by pilot plant op- 
eration, is the oxidation of mercap- 
tans to disulphides with air in the 
presence of an iron oxide or cobalt 
oxide catalyst. A means of reactiva- 
tion of these catalysts after they have 
become inactive has been found which 
promises to make such a process prac- 


tical in a plant type of operation. 
kkk 








COMPACT, 
SPACE-SAVING 


National Airoil Fuel Oil Pumping and Heat- 


ing Units are especially designed to prepare © 


for combustion, all grades of fuel oil includ- 
ing No. 6 or Bunker “C” Oil and residuums. 
They will draw fuel oil from aboveground or 
underground tanks, preheat it. to proper 


constant temperatures and deliver it to Oil } 
_ Burners at an even pressure, best suited for ~~ 
the burners. Our Fuel Oil Pumping and Heating 
Units are the result of years of experience. They come 
completely equipped ready for: steam, exhaust, con- 
densate, oil suction, oil return, and electrical con- 
nections. All valves, regulators, etc., are readily 
accessible. The piping arrangement is easily under- 
stood. These compact, space-saving units are avail- 
able in a range of sizes and models in both Medium 
and High Pressure types. For complete details, write 
for our Bulletin 40—very interesting and informative. 
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FUEL OIL PUMPING 
and HEATING UNITS.. 
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Model P-SE2H, high pressure, high capacity 
Oil Pumping and Heating Unit. This com- 
prises one each electric and steam pumps 
with twin heaters. 





OIL BURNERS and GAS BURNERS for industrial 
Power, process and heating purposes; STEAM 
ATOMIZING OJL BURNERS; MOTOR-DRIVEN 
ROTARY OIL BURNERS; MECHANICAL PRESSURE 
ATOMIZING OIL BURNERS; LOW AIR PRESSURE 
OIL BURNERS; GAS BURNERS; COMBINATION 
GAS and OIL BURNERS; AUTOMATIC OIL 
BURNERS, for smal! process furnaces and heating 
plonts; FUEL OIL HEATERS; FUEL OIL PUMPING 
and HEATING UNITS; FURNACE RELIEF DOORS; 
AIR INTAKE DOORS; OBSERVATION PORTS; 
SPECIAL REFRACTORY SHAPES. 
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Main Offices & Factory: 1259 EAST SEDGLEY AVENUE, PHILADELPHIA 34, PA. 
Texas Office: 2512 South Boulevard, Houston 6 


INDUSTRIAL OIL BURNERS, GAS BURNERS, FURNACE EQUIPMENT 
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Low temperature fractional analysis 
is a tool of fundamental importance 
to the natural gasoline and other 
branches of the petroleum industry. 
Basic information for plant design, 
operation, efficiency tests, product 
specifications, accounting procedures, 
and other purposes is often dependent 
upon the reports from the fractional 
analysis laboratories. 


Although there is general agree- 
ment as to the importance of this an- 
alytical method, the same cannot be 
said as to the techniques and equip- 
ment involved, nor to the resultant ac- 
curacies that may be expected. In 
recognition of this, the NGAA initi- 
ated about 10 years ago, a series of 
studies designed to. obtain informa- 
tion relative to the duplicability of 
fractional analyses among different 
laboratories, and to improve this du- 
plicability by fostering a rigorous 
attention to the details of good an- 
alytical technique. Eighteen laborato- 
ries analyzed identical gas samples 
from a master holder. It became evi- 
dent, after five master samples had 
been analyzed, that the human ele- 
ment was a much greater and more 
unpredictable source of error than the 
variations in equipment that existed 
among the cooperating laboratories. 
Then, a tentative recommended pro- 
cedure was used by the cooperating 
laboratories in analyzing a second set 
of four master samples, the results of 
which, compared with the results of 
the first set of samples, proved that 
human errors had been materially re- 
duced and duplicability between lab- 
oratories improved, all without re- 
quiring fixed adherence to standard- 
ized equipment. Mr. Howard Mont- 
zomery, who was chairman of the gas 
fractional: analysis committee, has 
concisely described to you the prog- 
ress of this program in NGAA Con- 
vention reports in 1941, 1942, and 
1943. Resulting from this program 


was the NGAA Publication 1146, en- 


“Liquid Fractional Analysis Program has 
been conducted by the Natural Gasoline Asso- 
ciation of America Fractional Analysis Com- 
mittee. 


Phillips Petroleum Company. 
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Progress Report on Low I emperature Fractional 


Analysis Project for Liquid Hydrocarbons 


A. J. MILLERT 


titled “Recommended Procedure for 
Analysis of Saturated Hydrocarbon 
Gases by Low Temperature Fractional 
Distillation.” 


Liquid Fractional Analysis 
Program 


Now, the NGAA is taking another 
step to evaluate and possibly improve 
the accuracy of low temperature frac- 
tional analysis by sponsoring a simi- 
lar program using a group of liquid 
hydrocarbon samples, the composi- 
tions of which are known by synthesis. 
In this program it will be possible to 
evaluate the accuracy of the results 
instead of just the deviation from the 
mean, as was the case in the gas an- 
alysis program. Three types of liquid 
samples were chosen for this program: 
(1) A propane-butanes LPG mixture 
with possible light and heavy end con- 
taminants; (2) a butanes mixture with 
possible light and heavy end con- 
taminants; and (3) a mixed pentanes 
sample with possible light and heavy 
end contaminants. The chemical prod- 
ucts department of Phillips Petroleum 
Company blended these samples from 
hydrocarbons of 99 mole per cent 
minimum purities. The impurities in 


each component were known and 
taken into account in calculating the 
compositions: of the blends. The ac- 
curacy of all components in the blends 
is considered to be within + .05 weight 
per cent of the total sample. 


The first hydrocarbon mixture was 
shipped to 58 participating laborato- 
ries, representing 35 oil companies 
and 5 commercial laboratories. It is 
unfortunate that about a dozen of these 
laboratories did not mail their results 
in time to be included in the prelimi- 
nary correlation of results herein pre- 
sented. However, all of the results re- 
ceived will be tabulated and mailed 
to all participating laboratories to- 
gether with a compilation of the an- 
swers to the questionnaire that each 
laboratory filled in when reporting 
the analytical results. Thus, each lab- 
oratory will be able to compare its 
results and details of technique and 
equipment with all the others. The 
tabulations are coded so that the re- 
sults and data cannot be identified 
except by a laboratory’s own person- 
nel. This complete compilation will 
be mailed as quickly as possible and 
then the analysis of the second hydro- 
carbon mixture will begin. 


FIG. 1. Average deviation of all components from true value. 
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is the only true evaluation of competitive engineering recommendations, initial plant costs remain a major factor in 
refiners’ decisions on plant installations. M. W. Kellogg takes specific steps to minimize initial plant costs consistent 


B While it is axiomatic that return on investment—the ultimate earning power of a refinery unit when actually on stream— 
= Ld ; : ; : ‘ 
with the achievement of highest ultimate earning power. 
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a A THREE-WAY PIPE STORY! 
” Consider for a moment that piping accounts for about labor on an hourly basis. Thus there are no sub-con- 

one quarter of the cost of the average installation. tractors’ fees pyramiding on the cost of the job. 

That can put piping in the million and often multi- There are still other advantages such as savings in 
million dollar class. If savings of from 10 to 20% can be shipping straight pipe rather than space-consuming, odd 
effected, refiners will realize important economies, par- shapes, and they all add up to money in the bank for 

ticularly attractive in these days of high costs. the owner. 
= Of course, accurately computing specific savings on a Kellogg’s development of field fabricating techniques 
piping job is virtually impossible. There are too many sounds rather obvious and certainly simple when ex- 
variables. But Kellogg today estimates that its methods plained this way—but it wasn’t. The move required that 
4 of field fabricating lop upwards of 15% off the cost of shop equipment be duplicated in mobile form, that shop 
é refinery piping work. techniques and quality standards be duplicated under 
; Here’s why. field conditions subject to both the weather and the 
: First, pipe is bent on the site as needed. No waiting physical idiosyncracies of each job site. 
7 : for key pieces to arrive. Even one day saved over the Such an operation as this is only possible when 
course of the entire job represents a sizable sum both in backed, organized and controlled by a complete organi- 
: labor savings and in the refiner’s operating revenue. zation—such as that of M. W. Kellogg—where all types 
4 ; Second, the shop overhead of the plant where such of specialists are available for handling the myriad prob- 
pipe would normally be fabricated, is dispensed with lems involved. These savings effected in field fabrication 
5 entirely. of piping provide further proof that completeness and 
| \ Third, Kellogg’s own crews handle the piping fabri- integration of the engineer-contractor are the keys to 
cation in the field, hiring necessary supplementary craft LOW INITIAL PLANT COST. 
1 | M. W. Ke C 
THE ° ° LLOGG \UOMPANY 
A SUBSIDIARY OF PULLMAN, INC. 
| 
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FIG. 2. Frequency distribution plot 0.1 Mol per cent interval. FIG. 3. Frequency distribution plot 0.1 Mol per cent interval. 
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FIG. 4, Frequency distribution plot 0.1 Mol per cent interval. FIG. 5. Frequency distribution plot 0.1 Mol per cent interval. 
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FIG. 6, Size of sample and average deviation. 
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FIG. 7. Time to run sample and average deviation. 


Results Obtained on the First 
Liquid Sample 


Convention time this year is a lit- 
tle early for a complete report on the 
results of the first sample as a num- 
ber of the laboratories registered 
rather late, and the results were trick- 
ling in daily as this correlation was 
being prepared. In order to include as 
many results as possible, preparation 
of this correlation was delayed to the 
last minute, when 80 results had been 
reported by 47 laboratories. The arith- 
metical average of these results, omit- 
ting four results from two laboratories 
that were greatly out of line, is com- 
pared with the synthesis composition 
in Table I. Also shown as a matter of 
interest is the closest result to the syn- 
thesis composition. 


As low and high values tend to com- 
pensate, the arithmetic average of the 


TABLE 1. Data from 76 results on 
NGAA, Sample No. 1. 














Composi- 
: tion by Average 
Component synthesis Result Best result 
Mole % Mole% Mole °% _ Deviation 
Propane. ees 32.19 31.13 32.067 —.123 
Iso-butane... 15.81 15.38 15.687 —.123 
N-butane. ... 48.99 50.23 49.207  -+.217 
Iso-pentane. . 2.77 3.08 3.039 +.269 
N-pentane. . 0.24 ag —.24 
Total...... 100.00 100.00 100.000 0.972 
Avg. Deviation........ ; ; : 194 


“Avg. of n-pentanes plus as reported for all samples in- 
cluding 58 results with zero value. The average for the 
is actual n-pentane values reported was 0.77 mole %. 
2 Results showed 0.11 mole % methane 
5 Results showed from 0.04 to 0.09 mole % ethane 
'S Results showed n-pentane 
* Results showed from 0.14 to 1.05 mole % hexanes 
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results is not too significant and a 
more comprehensive evaluation of the 
accuracy of the results is depicted in 
Fig. 1, which plots the average devi- 
ation for each analysis arranged in 
increasing order. Approximately 30 
per cent of the results are within an 
average deviation of 0.5 per cent, 
while 70 per cent are within 1.0 per 
cent, and nearly 95 per cent are within 
3.0 per cent. Only five results showed 
an average deviation greater than 3.0 
per cent and these ranged from 4.34. 
per cent to 14.68 per cent. 


TIME TO RUN SAMPLE-HOURS 


The deviations for the individual 
components are shown by frequency 
distribution plots in Fig. 2, 3, 4, and 
5. The deviations from the synthesis 
composition for the individual com- 
ponents were averaged as follows: 








Component Avg. deviation 
SN es ia iki 8% 1.21 
RS dina’ sccuebaccenssdscasdeus 0.90 
ERC neem eute pare Se 1.48 
NC Ge cn 5 ta aaa a oienmniene 0.55 








The quantity of n-pentanes in the sam- 
ple was too minute to warrant compu- 
tation of its average deviation. 

Fig. 6, 7, and 8 present plots of 
the average deviations of the results 
against the factors of sample size, an- 
alysis time, and gas receiver size, re- 
spectively. The sample size ranged 
from 3.5 ml to 100 ml while the an- 
alysis time ranged from 134 to 20 
hours. It is indicated, that for this 
type of liquid blend, a sample size of 
5 to 10 ml is sufficient, and that there 
is no apparent advantage in taking 
longer than four to eight hours to 
make the analysis. 

A mass of data and many details of 
technique were submitted with the re- 
ports, which will require much study 
_and comparisons with results on more 
types of samples before any recom- 
mendations are warranted. Many of 
the laboratories submitted compara- 
tive analyses using differences in tech- 
nique or equipment. Typical of this 
is a laboratory that submitted two 
analysis reports with this comment: 

“In as much as the large majority 
of our samples do contain appreciable 


FIG. 8. Average deviation vs size of gas measurement bottles. 
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quantities of normal pentanes and 
heavier, we do not often employ. a 
‘chaser.’ Run number one was made 
using our normal procedure. Run 
number two was made in the same 
manner as run number one except that 
a chaser, high purity iso-octane, was 
added.” 

In this case 0.55 mole per cent of 
normal pentane was reported for the 
run without “chaser,” while no nor- 
mal pentane was reported for the run 
using a “chaser.” The synthesis value 
for this component was 0.24 mole per 
cent. Another laboratory that reported 
results using a “chaser” obtained very 


close agreement with the synthesis 
value for normal pentanes. 

One laboratory reported three runs 
using vapor pressure measurements 
on the cuts between plateaus, and 
all results were less than 0.3 per cent 
average deviation. These three runs 
were made by different analysts, and 


considering all results submitted by: 


the laboratories, this was the most ac- 
curate set received. 


Conclusions 


The results reported on the first 
liquid hydrocarbon blend show much 
less deviation than the results obtained 




















(A NEW TANK FARM COMPLETED IN 1948) 


The owner of this tank farm knows the value of 
Natasco products and service. The proper Natasco 
coatings were selected and then applied to the in- | 
terior of these tanks by experienced Natasco workmen 
to provide the maximum protection from corrosion. | 
Whether your tanks are just being erected or have 
been in service for years, Natasco protection will 
make them last many years longer at a reasonable 
cost and is backed by the Natasco Guarantee. 


They are insoluble in petroleum and petroleum 


vapors. 








- ne TANKS: NEW, 


Not i OP ob peso 
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Lease Tank Service—West Texas Area: 
Williamson Construction Company 
Odessa, Texas 


2. They are chemically inert in dilute solution of | 
sulphuric and hydrochloric acids. 


3. They are chemically inert to hydrogen sulphide. 
4. They are impervious to gases. 

5. They have high dielectric strength. 

6 


They are elastic, withstanding the stresses of 
expansion, contraction, and bending of metal 
without rupture. 


7. They have adequate film thickness. 
8. They adhere to metal, wood or cement. 


Let Natasco’s years of experience be your guide in 
proper tank protection. Telephone, call or write for 
complete information. 


SRE ase 


THE COMPANY 
| 





California Representative: 
Coast Contractors, Ltd. 
4636 E. Slauson, Maywood, Cal. 











Progress Note 


Many of the small roadside 
service stations, which sold as 
little as 500 gal of gasoline a 
week and were closed during 
the war years, are blossoming 
out again. They are popping 
up in many places, and sup- 
pliers are loaning them equip- 
ment to get a fresh start in life. 
These small service stations are 
perfect examples of the inde- 
pendent competition that has 
made the petroleum industry 
progressive. 














cn the gas samples analyzed in the 
earlier NGAA fractional analysis pro- 
gram. This may be due in part to dif- 
ferences in the type of samples but 
does indicate that progress in low 
temperature fractional analysis has 
been made. The data obtained on this 
type sample should not be generalized 
to interpret accuracies that may be 
expected on other type samples such 
as analyses on field gases to deter- 
mine their gasoline contents because 
of the quantity differences of the com- 
ponents involved. 


The conclusion made in the past 
gas analysis program that exact equip- 
ment standardization is not as impor- 
tant as “human element” factors. is 
again indicated, as good results were 
obtained with various types of equip- 
ment while there were other cases of 
proper results on the same types of 
apparatus. Some important “human 
element” factors include clean and 
leak-free equipment, careful attention 
to obtaining correct readings, correct 
calibrations, and the like. 


The gratifying response of labora- 
tories to participate in this program 
and their excellent cooperation in pre- 
senting details, comments, and com- 
parative data reflects a genuine inter- 
est on the part of the analysts them- 
selves to improve the accuracy of low 
temperature fractional analysis, and 
insures that progress towards this end 
will continue. 
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>» Increased Recovery of Pro- 
pane. When it is desired to increase 
propane recovery in an existing ab- 
sorption plant one of the first meas- 
ures taken may be the substitution of 
a lower molecular weight absorption 
oil which may or may not have the 
same volatility characteristics. The 
next step would be concerned with 
measures to increase the lean oil cir- 
culation or, if this course should not 
be feasible, with efforts to lower the 
absorber temperature. Substituting a 
lower molecular weight lean oil of the 
same characterization factor, that is of 
correspondingly greater volatility, will 
increase the lean oil loss over the ab- 
sorber; if an oil having a lower char- 
acterization factor but the same vola- 
tility is used it will probably be found 
to be less stable and to result in a 
greater loss of heavy ends over the re- 
run still. It is then up to the operator 
to determine where his greatest gain 
lies. Adequate increases of the lean 
oil rate often require modifications or 
additions to existing equipment and 
the lowering of the absorber tempera- 
ture beyond that obtainable with ad- 
ditional lean oil coolers is definitely 
a major operation. 

All of these measures to increase re- 
covery are eventually limited by the 
capacity of a particular plant to 
handle and to eliminate efficiently the 
larger volumes of ethane and methane 
which attend the removal of an in- 
creased proportion of the propane 
with the lean oil. The objective ob- 
viously is to obtain the extra recovery 
of the desirable constituent undiluted 
as much as possible by the more vo- 
latile undesirable constituent. To at- 
tain this objective it is necessary to 
carry out a more efficient fractionation 
at the primary point of contact be- 
tween oil and gas which is in the ab- 
sorber itself. 


> Fractionating Absorber. The 
fractionating absorber performs this 
duty, the schematic version of which is 
shown in Fig. 1. A gas cooler and par- 
tial condenser is an important adjunct 
of the absorber, It is equipped with a 
reboiler at the base of the stripping 
section and with one or more inter- 
coolers at proper points in the ab- 
sorption section. In the absorption sec- 


“Presented before the Fall Meeting of Cali- 
fornia Natural Gasoline Association, 1948. 


fhe Lummus Company, New York. 


By LUDWIG KNIELt 


tion the less volatile fractions of the 
wet gas and of the vapors leaving the 
stripping section are absorbed and re- 
absorbed, respectively, according to 
wellknown laws in a descending stream 
of the lean oil; in the stripping sec- 
tion the undesirable more volatile frac- 
tions are being driven off through the 
application of heat to the reboiler and 
are returned to the absorption section. 
A recycle stream between the absorp- 
tion and stripping sections is thus cre- 
ated and it is this stream which acts 
as the vehicle for the better separation 
between the key components. The ac- 
tion of the fractionating absorber may 
be better understood with the help of 
a few simple formulae which relate 
retention in the absorption section and 
rejection in the stripping section with 
overall recovery. 

Let it be assumed that V mols of 
vapors and L mols of condensate en- 
ter the absorber above the top deck 
of the stripping section. Lo mols of a 
non-volatile lean oil enter at the top 
of the absorption section, Y mols of 
vapor leave the stripping section, X 


‘mols of downflow of absorbed frac- 


tions leave the absorption section. D 
mols and B mols, leave as off-gas and 


_ Propane Recovery by Absorption”™ 


P 77a. 


in the fat oil, respectively. Let a be 
the mol fraction of any component re- 
tained in the oil from the absorption 
section and let 8 be the mol fraction 
of any component rejected from the 
stripping section. Then, irrespective of 
the amount of oil circulated, one has 
as a material balance over the entire 
column 


F=V+L=B4+D 


for the absorption section 


a(V+Y¥)=X..... 0 
and for the stripping section 
eo ts > ear 
also 

(l—aw(V+Y)=D .. (3) 


(l—B)(L+X)=B.. (4) 


by eliminating Y from (1) and (2) 


. V+ BL 
t =--— (5 
l/a— B ) 
and by eliminating X. similarly 
; V+L 
Ts 5 ee 
1/B—ea 
from (3). by substituting (6) 
l—a r 
=D,+D.= (V+ BL). (7 
D=D,+D., i—ap a). (7%) 


FIG. 1. Fractionating absorber. 
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Values of | —F; (a 8B) = 1— 





where 
l—a 
D,— —_—_——_- V 
1—aB 
Oo! 
; l—a 
) - ———— i 
D,/\ 1 aR f,(a,B) (8) 
and 
l—a 
) a - 4 
| Ia BI 
OI 
D,/L a . (9) 
l—e 


D, is obviously the fraction of any 
component in the vapor feed which is 
lost and D, is the fraction of any com- 
ponent in the liquid feed which is lost 
in the off-gas. The expressions 1—f, 
(a, 8) and 1—f, (a, 8) thus repre- 
sent the fractions which are recovered. 
For B=O which indicates no stripping 
D,/V becomes 1—a and D,/L=O. 
For the same degree of retention a, the 
recovery decreases with an increase in 
the value of 8, the degree of stripping, 
as the denominator 1—af becomes 
gradually smaller. But the amount by 
which the loss of D, increases, with an 
increase in B for constant a varies with 
« and 8. This relationship is shown 
graphically in Fig. 2 where a and B 
are plotted to a logarithmic scale. For 
zero stripping the values of 1 — f, are 
of course equal to @ and for a sufficient 
number of plates, such that linearity 
exists between @ and the absorption 
factor A, they are also equal to A. The 
curves {, = const show how @ must 
be increased with an increase in f to 
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\—aB 





obtain the same degree of recovery. 
Fig. 3 shows the degree of recovery 
1 — f, of the condensate entering the 
stripper. The loss of f, is 8 times the 
corresponding loss of any constituent 
in the vapor feed. Without reabsorp- 
tion, i.e. with a = o the loss is 8 times 
the mols of a constituent in the liquid 
feed which is self-evident. 

As an example, consider the separa- 
tion of methane from ethylene in the 
following pyrolysis gas obtained from 
the cracking of propane: 








TABLE 1. Composition of pyrolysis 








gas. 
Component Mol per cent 
Hydrogen........ SO ic SOR ee Shien 10 
ARES a ee errr Sater 25 
(| 5 Ee ee rey Sieee ren oA ta eae 25 
N08 Firat ace Soko ob ase genital Mabie a 4 
tL. tees Auk, in ori aw uackinark am 17 
RES Se SR eres Fee 16 
_ eee errr ponte 3 

| ERNRe eNOrge, er er aeee? 100 








Let it be assumed that the charge is 
all vapor and that the absorber is op- 
erated at 450 psig and 60 F and with 
an effective ethylene factor of .93. 
Without benefit of stripping there 
would be 22.5 mols of ethylene and 6.9 
mols of methane recovered and the 
maximum ethylene purity obtainable 
which is set by the amount of methane 
dissolved in the lean oil would be 
approximately 77 mol per cent. Table 
2 shows the results obtained with vari- 
ous degrees of stripping. 

With moderate stripping, B (me- 
thane) = 0.5, the ethylene recovery 
would decrease to 88 per cent and the 






Values of | —f2 (a, 8B) = !— 


O om gy 


i—« 8 B 





methane content of the ethylene prod- 
uct would decrease to approximately 
15 mol per cent. With severe stripping, 
B (methane) = 0.9, the purity would 
be increased to 96 mol per cent while 
the recovery would drop further to 86 
per cent. 

These figures assume that the ab- 
sorption factor is maintained by in- 
creasing the lean oil rate very nearly 
in proportion to the total volume of 
vapors entering. Actually both ab- 
sorption and stripping rates may be 
varied within relatively wide limits 
to obtain satisfactory recovery and 
purity. 

The same results may be read off 
directly from Fig. 2 where point “a” 
represents the a, B coordinates of eth- 
ylene and point “c” those of methane. 
The distance a-b is equal to the ratio 
of the a values and b-c equals the ra- 
tio of the B values. When a = A and 
8B =S, which assuming 12 theoretical 
plates is true of values A and S of less 
than 0.8 the distances a-b and b-c are 
also equal to the ratios of the effective 
absorption and stripping factors or 
inversely proportional to the ratios of 
the equilibrium constants. 

After establishing the a and £ values 
for the key and all other components 
from the well-known graph of recov- 
ery vs. absorption factor and calcu- 

Ynu—Y, _ A.™+1—A, 
Ya+sr—Yo . A.=t1—] 
lating the losses D by means of equa- 
tion (6) one obtains the total vapor 
flow V+ Y and, by difference, L + X, 
the total downflow to the stripping 
section. Knowing the effective absorb- 
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When the Oklahoma Territory was opened 
at 12 noon on April 22, 1889, more than 
20,000 people were lined up on the 
border. At a signal by U.S. Cavalry, a 
remarkable race for homesteads ensued. 


Fig. 3061—Class 300-pound Cast 
Steel Swing Check Vaive. Flanged 
ends and bolted flanged cap. 





Fig. 1793 — Large 125-pound 
lron Body Bronze Mounted 
Gate Valve with outside screw 





Fig. 102—200-pound Bronze Globe 
Valve with screwed ends, union 
bonnet and regrindable, renewable 
wear-resisting ‘‘Powellium” nickel- 
bronze seat and disc. 





rising stem, bolted flanged 
yoke, tapered solid wedge. 


f ‘NEW FRONTIERS 


"for POWELL 





Fig. 9003—Class 900-pound 
Cast Steel Gate Valve with 
flanged ends, bolted flanged 
yoke, outside screw rising 
stem, tapered solid wedge. 


"ALWAYS 






The amazing development of the United States has been a 
result of continually opening new frontiers—not only geo- 
graphical, but scientific and industrial as well. In the latter 
sphere, The Wm. Powell Company has a long and proud 
record of settling the flow control requirements of each new 
industrial frontier as it has appeared—including such 
achievements as inventing the first regrinding globe valve, 
pioneering in the field of corrosion resistance, meeting the 
need for specially designed valves for special services, and 
many others. 


As a result of this continual pioneering, on/y Powell makes 
such a complete line* that no matter what your flow con- 
trol requirements may be, Powell has the valves to meet 
them. Moreover, Powell Engineers are always ready to 
help you solve any problems that might arise. 


















Cast Steel Gate Valve with 
flanged ends, bolted flanged 
yoke, outside screw rising 
stem, tapered solid wedge. 








* Powell Valves are made in Bronze, Iron, Steel and 
a wide selection of Corrosion-Resistant metals and 
alloys. Valves of every type—Globe, Angle, Gate, 

Check, Non-return and Flush Bottom Tank Valves— 

are included in the Complete Powell Line. 


The Wm. Powell Company, Cincinnati 22, Ohio 
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TABLE 2. Effect of various stripping rates. 





B (Methane) = 0 



































| 
Comp Charge | Ka A a Kg § | 8 | 1—-f] B 
a |.:¢ 4.8 275 275 ar ae ae 6.9 
C2 25 1.42 93 ‘90 en en es ee 
| 
8B (Methane) = 0.5 
cick | | | 
CQ 25 | 4.8 .275 275 re 50 | a | a Oe 
C- | 25 | 1.42 93 90 2.67 N74 | ‘174 | [881 | 22.04 
B (Methane) = 0.9 
a | 7  ————— ——— 
Cy 25 48 | .275 275 7.7 93 90 0366 | 92 
o- | % | 1.42 | 98 90 | 2.67 | 323 | 323 | 859 | 247 
| H | 








er and stripper temperatures from ex- 
perience the lean oil rate may then be 
estimated from either the absorption 
or stripping factor by means of Ed- 
mister’s' formulae as that value of Lo 
which yields the required a and B. 
Both values of Lo should be identical. 
[f they do not coincide, which is to be 
expected after only one trial, it is very 
likely that the estimated temperatures 
are in error. The bottom absorber 
plate temperature and the tcp strip- 
per plate temperature may be checked 
as dew and bubble points of Y and 
X -++ Lo, respectively, but these checks 
are very sensitive to small amounts of 
the heavy and light constituents in- 
cluded in Y and X+ Lo, and the 
results must be interpreted with dis- 
cretion. Nevertheless, it is not difficult 
for the designer of some experience to 
establish whether to increase or de- 
crease the absorber and stripper tem- 
perature before he proceeds with a 
second caculation. Both temperatures 
have an effect upon the relative a and 
8, that is upon the direction of the 
line a-c above and small changes in 
a and £ in the range where a or B is 
greater than 0.9 will cause noticeable 
changes in the lean oil rate. 

This procedure holds rigorously 
only if the absorption oil contains no 
volatile constituents but may be used 
with sufficient accuracy in the absorp- 
tion of natural gasoline if the lightest 
fractions of the lean oil and the heavi- 
est fractions of the wet gas do not 
overlap. If the absorption oil has a 
volatility comparable to that of the 
recovered fractions of the wet gas the 
recycle vapor Y will contain a consid- 
erable volume of lean oil fractions and 
it will be impossible to establish the 
loss D and downflow X as explained 
above. In this case it is necessary to 
calculate the lean oil requirement in 
some preliminary way and to estimate 
the amount of stripping experienced 
by the lean oil on its descent in the 
absorption section. For the stripping 
section the lean oil may then be con- 
sidered a part of L, the liquid feed 
from the partial condenser. The cal- 
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culation of Y and of D follows, the 
latter now containing one additional 
term due to the presénce of volatile 
lean oil. Equations may be derived for 
this case which lend themselves to a 
solution by successive approximations 
in the same manner as above. With 
liquid and vapor traffic and key tem- 
peratures known, a heat balance may 
may be drawn up which yields the 
amount of reboiling and intercooling 
required. The intercooling load is 
preferably distributed over several 
bundles in the absorption section. In- 
ternal cooling coils are more advan- 
tageous than the common intercoolers 
since with their use it is possible to 
realize a uniform temperature gradi- 
ent rather than the saw tooth profile 
which is typical of external elements, 
but often it is not possible to accom- 
modate the necessary surface within 
the available space. As a final check 
the L and V values at plates where heat 
is removed should be estimated and 
the absorption factor and lean oil rate 
checked by means of the explicit for- 
mulae of Horton and Franklin’. 

In plant operations it has been 
found that the performance of frac- 
tionating absorbers designed in ac- 
cordance with this procedure exceeds 
the requirements anticipated in the 
design. In one instance where the de- 
sign anticipated at 90 per cent recov- 
ery of the heavier key in the separa- 
tion of methane from ethylene a re- 
covery in excess of 96 per cent with 
better than design purity was ob- 
tained*. In another plant, the absorber 
design called for a 93.5 per cent recov- 
ery of the ethylene fraction from a 
combined stream of pyrolysis gas and 
thermal and catalytic depropanizer 
gases containing 19 mol per cent 
ethylene, 20.8 mol per cent methane 
and 7 mol per cent hydrogen and con- 
taminants. The residual methane in 
the ethylene was to be not over 10.3 
mol per cent referred to the recovered 
mixture of methane and ethylene. Ac- 
tually the recovery exceeded 96 per 
cent consistently with a methane con- 
tamination of less than 5.0 mol per 
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cent. Whether this gain in separation 
efficiency is due to the type of lean oil 
employed which contained subst antial 
proportions of aromatics, particularly 
benzene or if it is the result of super. 
imposed recirculation taking plzce be. 
tween the plates where intercoolers are 
located has been the subject of specu. 
lation. A conclusively satisfactory ex. 
planation has not been found. 


> Plant Design with Fractionating 
Absorbers. To demonstrate the value 
of fractionating absorbers in an in. 
stallation of importance to the Natural 
Gasoline Industry it has been pro- 
posed to apply it to the recovery of 
propane from either a wet or a dry 
gas. This application has been worked 
out for a wet gas of the following 
composition : 








TABLE 3. Composition of wet gas. 








Component Mol per cent 
Methane. ... St eo ee Cane : . 80.0 
TREE AEGIS A ete aee Se as, .. 68 
INTE craic ds leand, HR ICM alc da ale ps a6 , 8.0 
MS 983 o Sin igh Betas hictiion-j acids , 1.0 
NN ESR, nae cna ic sek athlete 2.5 
ee ee oe eee 2.5 

| ARO ite GRE See ee ee 100.0 








To fix conditions further it has been 
assumed that the C, plus fraction 
would have the composition of the cor- 
responding fraction in a typical Ket- 
tleman Hills natural gasoline, namely: 


Component Volume per cent 
MIN coed a sk dls cana satiaie poms falar alte sian Hike 49 
AE Rane eee: TEA hn eS tei eee 23 
ee EE ere One en Tae Pe oe 

NN ikon: nz VERE ubeies ls ado 


The volatility of the pentanes frac- 
tion has been taken as that of a mix- 
ture composed of two-thirds isopen- 
tane and one-third N-pentane. Re- 
quired is the recovery of 90 per cent 
of the propane, and of practically all 
of the butanes and heavier fractions. 
An absorption plant designed to meet 
these conditions is shown in Fig. 4. 
The main features of this design are: 
Use of two fractionating absorbers in 
series to obtain 90 per cent propane 
recovery, the propane to be of sufi- 
cient purity to pass the LPG vapor 
pressure specification (225 psig at 
105 F) and use of the recovered nat- 
ural gasoline as absorption oil. The 
wet gas in the present case is being 
delivered at 150 psig. To obtain econ- 
omy in regard to initial investment 
and operating costs the absorber com- 
bination must be operated at a pres 
sure upwards of 400 psig and at sub- 
atmospheric temperatures. As a frac- 
tionating absorber installation does 
not lend itself to the same degree of 
heat recovery as is common in a Col- 
ventional absorption plant it is im 
perative to hold lean oil circulation 
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to a minimum to save utilities. An ab- 
sorber pressure of 475 psig and lean 
oil temperature of 20 F have been 
chosen in the present case. As shown 
in Fig. 4 the wet gas is compressed in 
single stage compressors to 500 psig 
and cooled to 95 F. It is next dehy- 
drated over fixed bed Bauxite driers 
to forestall the possibility of hydrate 
formation at temperatures below 60F, 
then cooled and partially condensed. 
It is convenient to cool the wet gas to 
the temperature of the entering lean 
oil, in this case 20 F. The first frac- 
tionating absorber—aptly called pro- 
pane absorber—is operated with a 
lean oil rate of 6.3 gal per 1000 cu ft 
of wet gas and recovers 84 per cent or 
220 mols per hour of propane with 
only 7.0 mols of ethane. The loss of 
lean oil to off-gas is on account of its 
extreme volatility very high, partic- 
ularly in the pentane range. Calculated 
recoveries for the anticipated absorber 
conditions referred to wet gas quanti- 
ties have been tabulated in Table 4. 


It will be noted by reference to 
Table 4 that the primary purpose of 
the second absorber is the recovery of 
the volatile fraction of the lean oil. 
Only in a very minor degree does it 
contribute to an increase in propane 
recovery. 

A detailed analysis shows that to 
obtain optimum results both absorbers 
should work in unison in the sense that 
the loan should be borne “equitably” 
by both. If, for instance, the first ab- 
sorber recovers more than its share. 
the imposed stripping load will cause 
a disproportionate loss of butanes 
from the lean oil. Recovery of the lost 
butanes by the second absorber will 
cause the retention of excess ethane 
with the result that the LPG product 
will be off specifications. The opposite 
extreme would be a condition where 
the butane absorber has to recover 
more than its share of propane which 
would equally lead to ethane contami- 
nation of the LPG product unless ab- 
sorption and stripping rates were ad- 
justed to correct the condition. Table 5 
shows the calculated streams composi- 
tions at important stations throughout 
the plant. 

[f the lean oil over the butane ab- 
sorber equals in composition the C, 
and heavier fraction of the gasoline 
the calculated loss of lean oil will be 
5.5 vol per cent of the yield of 16 RVP 
natural gasoline which is 113 gal per 
hour or 65 bbl per day, worth some 
$200 per day. To view this loss in 
proper perspective it must be borne 
in mind, however, that it is constituted 
ol the least desirable fractions in re- 
gard to octane number and volatility 
oi the recovered gasoline, and that it 
represents only 4.4 vol per cent of 
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FIG. 4. Absorption plant for high propane recovery. 


the LPG fraction and only 2.0 vol per 
cent of the total yield of liquid prod- 
ucts. The loss may be decreased at the 
expense of an increase in oil circula- 
tion by using instead of the heptanes 
plus fraction only the last 15 vol per 
cent or even 10 vol per cent of the nat- 
ural gasoline, as lean oil in the butane 
absorber. It is necessary to replenish 
the inventory of lean oil circulating 
over the butane absorber continu- 
ously. This is done by passing an ade- 
quate amount of the gasoline over the 
still which removes the recovered frac- 
tions from the butane absorber fat oil. 
The still overhead which has the com- 
position shown in Table 5 and the pro- 
pane absorber bottoms are partially 
debutanized in the debutanizer to leave 
a 16 RVP gasoline product. The oyer- 
head from the debutanizer is then 
passed to the depropanizer which pro- 
duces an LPG propane as overhead 
and excess butanes as bottoms. 
Refrigeration is furnished by a con- 
ventional compression type refrigera- 
tion unit, using LPG-propane as re- 
frigerant, at two temperature levels 
10 F and 10 F, to obtain a minimum 
cost installation. At the lower level. 
7.6 million BTU per hr are dissipated, 
the greater part by the absorber inter- 
coolers. At the 40 F level 3.6 million 
BTU per hr are removed. Approxi- 
mately 1540 bhp of compressor ca- 








TABLE 4. Calculated recoveries, 





per cent. 
Propane Butane 

Component absorber absorber Total 
Methane _ 0.0 0.0 0.0 
PENI 53. sess nates 3.53 1.77 5.30 
rr 6.27 90.0 
ee PEER. 29.4 98.5 
N-butane.............. 64.4 34.8 99.2 
ER ee 33.8 66.2 100.0 
NE aos 55 2 Siats tices 85.5 13.3 98.8 

25.3 70.5 


Se eae 95.8 — 
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pacity are required for this load. Wet 
gas compression accounts for 2200 
bhp, so that the total compressor ca- 
pacity is approximately 3740 bhp, all 
of it gas engine driven. 

A lean oil conditioning still is not 
required. To prevent a build-up of 
heavy ends over the butane absorber 
and still, it is sufficient to circulate a 
small stream of still bottoms over the 
debutanizer tower. 

Utility requirements have been cal- 
culated at 84 million BTU per hr 
equivalent to 80,000 scf of dry gas, 
155 gpm of makeup water and 350 kw 
of electric power. The plant is self- 
contained in regard to steam, so that 
steam could be included at its equiv- 
alent fuel gas value. The cost of utili- 
ties is shown in Table 6 based on 10 
cents per million BTU’s, 6.7 cents per 
1000 gal of makeup water and 1.0 
cents per kwh. These figures include 
the requirements for steam generation 
and of the cooling water plant. 


> Cost Comparison. As shown in 
Table 5 the plant, when recovering 90 
per cent of the available propane from 
30 million cu ft of wet gas, will pro- 
duce 62,000 gal of specification LPG- 
propane, 29,000 gal of butanes and 
31,000 gal of natural gasoline, a total 
of 122,000 gal of liquid products 
daily. The market value of these prod- 
ucts at current prices of 6.0 cents per 
gal for LPG, 6.8 cents per gal for bu- 
tane and 9.4 cents per gal for the 16-55 
grade of natural gasoline is $8590. 
Direct operating expenses consist 
of labor and supervision—5 men per 
shift— $228, utilities $319 and the 
general works expense item of $312, 
which includes repairs, laboratory, 
shop and warehouse, and that part of 
the administrative expense and ad- 
ministrative overhead directly charge- 
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TABLE 5. Stream compositions—Mols per hr. 
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Stream (1) (2) * 4) | (4) } (5) 
Component "Wet gas | Vapor to Liquid to | Cabs | Lean. oil to 
aie | | absorber absorber | off-gas ~* C3 abs 
= _- } - ae -— | —— = “| 
Methafie sb son prrminenccghhbas neem nd i 2640 | 2569.5 70.5 2640 
Ethane al 198 | 173.5 24.2 i9t | 
TE See ae RES Sa | 264—CiCY 182.9 | 81.1 | 42.9 | 
Isobutane etl 33 | 15.8 | 17.2 10.2 22 
N-butane... | 82.5 | 32.1 | 50.4 | 29.3 88 
Pentanes. . ee Rare 46.2 | 8.1 38.1 30.6 | 254 
Hexanes ‘ ies pak eee ey 17.3 | ee 16.6 2.5 104. 
Heptanes 19.0 | 2 18.8 0.8 82 
Total 3300.0 | 2983.1 316.9 2947.3 550 
Lb per hr 73,209 57,815 15,394 54,647 41,812 
EI accra Wo 3. a: lgegne hia «es Aisne ee 22.18 19.38 48.57 18 . 76.02 
Gal per hr \ Se ; 7884 .2 
BIE EE 6.5.0. 0o:s Ay anispcoindiavne doce wither dear ES — - ad =f, 5.30 
1, eRe SO ere ay SPE ho Fe 30,017 27,134 2,883 | 26,809 ne 
aoe : | 
UNS = 1D, be gic 5:4, Bee a hale oe a's GIONS Maleate (6) (7) (8) (9) | (10) 
Component Fat oil from Cs abs Lean oil to | Fat oil from | Stripper 
8 abs off-gas Cs abs Cs abs | makeup 
ae | 
Methane ? 2640 Aa: AM 
NS <5 5c per sceitln ec am wie hiaie BOHIEM EO TS Re ees 7.0 187.5 3.5 | ‘ 
ES Eo rN Rett teeta MARA are rae 221.1 26.4 cae 16.5 - 
ERS rice resent ir crane eee > 44.8 0.5 a 9.7 | 4.0 
REP ph re ne et a te eb 141.2 0.6 re 28.7 16.0 
MS ooh e oie an cacatah a nari Sent 269.6 a a 30.6 | 46.2 
Coe. 5 cu ope Whe OL CAGE PORE Ea 118.8 0.2 3.3 5.6 | 18.9 
Heptanes 100.2 5.6 326.7 321.9 | 14.9 
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able against production. The aggre- 
gate of these costs is $857 per day; the 
direct cost of production is thus .705 
cents per gal of total liquid products 
recovered. This figure is lower than is 
obtained in most conventional plants 
handling an equal gas volume and re- 
covering gasoline and butanes only. 
By comparison it is interesting to 
note that the fuel value of the prod- 
ucts recovered at 1 cent per therm is 
.911 cents per gal. 

There remains the question of ini- 
tial cost. Contributing to an increase 
in cost over the conventional absorp- 
tion plant will be the additional gas 
compression and the refrigeration 
plant. Also the drier installation, 
which, while necessary for the opera- 
tion of the plant, benefits the pur- 
chaser of the dry gas as well. On this 
account the cost of the drier installa- 
tion may under certain circumstances 
be recoverable through increased rev- 
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enue from the sale of the dry gas. More 
than balancing these increases, how- 
ever, is the savings in lean oil circu- 
lation, which amounts to only 10.9 
gal per 1000 cu ft of wet gas. The com- 
pletely erected cost has thus been esti- 
mated as of the order of $1,900,000. 
Included in this figure are the esti- 
mated cost of the plant proper with 3 
days’ pressure storage for butanes and 
3 days’ atmospheric storage for nat- 
ural gasoline, also steam generation, 
cooling tower and cooling water 
pumping plant. Not included are the 








TABLE 6. Utility requirements and 





costs. 

Dollars 

per day 
Fuel gas.............. .84.22 million Btu per hr 200 
Makeup water......... 155 gpm 15 
Electric power......... 350 kwh per hr 84 
Desiccant and miscellaneous................ 20 
PN 8 oi. oo vlan eiololsiais cakes ep 319 








cost of propane storage, loading fa: ‘l- 
ities, spurs, roads and lines outside 
the process area or between storase 
and process area. 


> Modifications of Existing Planis 
for Increased Propane Recovery. 
If it is conceded that these figures of 
operating costs and investment are «\- 
tractive, it may well be asked what 
modifications to existing plants may 
be made to increase propane recovei). 
In the light of what has been said 
above no all inclusive answer to this 
question can be given. As mentioned, 
several measures may be taken in an 
existing plant to increase the recovery 
of butanes, propane, or even of ethane 
and optimum results may be achieved 
through a combination of these 
measures. 

If it were required to expand a plant 
extracting 95 per cent of the normal 
butane from the wet gas of Table 3 
such that 90 per cent of the propane 
would be recovered the most likely 
solution would be to replace the exist- 
ing absorber with a fractionating ab- 
sorber installation operating at a pres- 
sure and temperature such that the 
lean oil circulation would not exceed 
that of the existing plant. While this 
lead oil circulation in straight absorp- 
tion would result in a normal butane 
factor of approximately 1.1 (12 
plates) the same circulation would 
have to produce a propane factor of 
0.97 for a considerably increased vol- 
ume (due to internal recycle) of va- 
pors. It is not difficult to find combina- 
tions of pressure and temperature 
which will satisfy this condition; the 
problem is to determine which of the 
possible combinations will yield the 
plant of lowest cost. Increasing the ab- 
sorber pressure from an initial value 
of 150 psig, the first additional com- 
pression ratio is equivalent to a low: 
ering of the effective absorber tem. 
perature by 60 F, the next one to onl) 
37 F and the third to only 22 F. Re. 
frigerating the lean oil will be found 
relatively more expensive below pres- 
sures of 450 psig than will wet gas 
compression. 
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7 dabble for a moment in big num- 
bers, about one billion barrels of 
petroleum products have been finish- 
treated by the three and one-half billion 
pounds of adsorbents which Attapulgus 
and Porocel have shipped to oil refineries. 
Attapulgus Fullers Earths and Porocel 
Activated Bauxites have become recog- 
nized standards in the removal or reduc- 
tion of odors, colors, tastes, moisture, 
acids, sulfur, fluorides and unsaturates, 
and for solid catalyst purposes. And in 
this wide range of services, finished value 
was gained in a long list of petroleum 
cuts—from the lightest distillates to the 
heaviest lubes and waxes. 





This all adds up to a lot of adsorbent 
experience—experience with the many 
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treatments which precede the application 
of these two basic materials to specific 
adsorbent jobs; and experience measured 
by our extensive research and product 
evaluation—from laboratory and pilot 
plant on through to commercial scale 
phases—both on our own and in co- 
operation with our customers. 


So there’s great merit to the suggestion 
that it pays to consult Attapulgus and 
Porocel. In your own plans to improve 
products or expand output, perhaps our 
one billion barrels of adsorbent experi- 
ence can be of real help to you in selecting 
the right adsorbent and the right condi- 
tions. Our laboratory and process staff 
are at your service, without obligation. 
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Dept. Y, 210 West Washington Square, Philadelphia 5, Pa. 
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Straight-Line Chart Determination 


P 733. 


of Absorber Extraction Efficiency" 


The recently proposed Straight-line 
Chart method of absorber analysis has 
been broadened and refined with the re- 
sultant development of a highly signifi- 
cant overall performance factor. This 
factor has been given the designation of 
extraction efficiency, and expresses the 
ratio (in terms of per cent) of the theo- 
retical minimum to actual lean oil rate 
required to effect a 95 per cent butane 
recovery at any particular absorber ef- 
jectiveness under any given base condi- 
tions of absorber operation. Application 
of this factor to a wide range of com- 
mercial units indicates the possibility of 
markedly improving the effectiveness of 
present day high pressure absorbers. 


A recunigue based on an experimen- 
tally developed Straight-line Absorption 
Chart was recently proposed? for meet- 
ing the following requirements of a uni- 
versal method of evaluating absorber 
operating effectiveness: 


(1). Use only “terminal” operating 
data readily obtainable from any nor- 
mal commercial absorber installation. 


(2). Directly evaluate the absorber’s 
effectiveness under actual conditions of 
operation without reference to divergen- 
cies from original conditions of design. 


(3). Avoid the use of estimated or 
calculated “internal” factors or condi- 
tions, thus eliminating all need for em- 
ployment of personal judgment in an- 
alyzing the column test data. 


(4). Designate the column’s effective- 
ness for recovery of both isobutane and 
n-butane by the same number, thus 
avoiding the “dual efficiency” complica- 
tions encountered with the classical 
Kremser-Brown analysis at higher pres- 
sures. 


(5). Provide an automatic check on 
the validity of both the test data proper, 
and the laboratory analyses of the test 
samples. 

During the last year this Straight-line 
Chart method of analysis has been ap- 
plied to the study of a large number of 
special tests on absorbers ranging in 
pressure from 50 to 1800 psig. As a re- 
sult, the original chart layout has been 
refined in considerable detail, and an 
“Extraction Efficiency” factor derived 
therefrom whereby the overall column 
effectiveness under any given operating 


*Presented before joint meeting of California 
Natural Gasoline Association and Southern Cal- 
ifornia Section of American Institute of Chem- 
ical Engineers, December 10, 1947. 

t“Evaluation of Absorber Operating Effi- 
cieney’’ by Ragatz and Richardson. I'aper pre- 
sented at 1946 Fall Meeting of the California 

Natural Gasoline Association. 
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condition may be defined by a single 
consistent evaluating number. 

Fig. 1 is representative of our latest 
conception of the Straight-line Chart. 
As indicated, it now consists of a main 
“Per Cent Recovery vs. Ae” grid and a 
complementary “Operating Pressure vs. 
Ae’ sub-grid—with a “Per Cent Recov- 
ery” reference line drawn across the 
sub-grid to facilitate plotting recovery 
points that fall on the sub-grid portion 
of the chart (i.e. recoveries below 80 
per cent). An appropriate form is also 
provided for tabulation of pertinent col- 
umn test data. 

The formula for calculating the Ae of 
the chart has also been further simpli- 
fied—now being expressed as: 





ae Nz x An X(I-+ An) | 


Ry 
+ 0.25  — 0.50 

Where: 

cli L Mols rich oil 

‘B\V J, Mols rich gas 

ioe L _ Mols lean oil 

‘TV Jie Mols lean gas 
1 

Ay = Rr X 


FIG. 
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K = Equilibrium coefficient of com. 
ponent in question at column 
pressure and rich oil tempera- 
ture. 


This latest form of the Straight-line 
Chart presents the following analytical 
characteristics when applied to various 
conditions of absorber operation and 
control. 

A. In a given column handling a given 
composition of rich gas at a given pres- 
sure under simple (i.e. non-intercooled) 
conditions of operation with properly 
stripped Jean oil: 

(1). If the volumes of rich gas and 
lean oil are held constant, and the tem. 
peratures of the lean oil and rich gas 
are changed in approximately the same 
amount over a fairly small range, or the 
molecular weight of the lean oil is 
changed, the resultant recoveries of iso- 
butane and n-butane will change, and 
all such recoveries above a fairly fixed 
minimum value (ranging from 75-80 per 
cent at 60 psia down to some 35-40 per 
cent at 2000 psia) will be found to lie 
on a single straight line when plotted 
against their appropriate Ags on the 
Straight-line Chart. 

These lines have been designated 
“Operating Lines” in our analytical pro- 
cedure, and are used to evaluate the 
column’s operating efficiency. 

(2). If the rich gas or lean oil vol- 


1. 
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umes are then changed, and the tempera- 
ture procedure of (1) above repeated, 
a series of operating lines of varying 
slopes will be defined, all intersecting at 
a common focal point on the operating 
pressure grid as long as the base condi- 
tions of “A” above remain fixed. 

(3). If the number of trays, or the de- 
tailed tray design, is changed and the 
above procedure repeated, different 
groups of operating lines will be formed. 
All such groups, however, will have ap- 
proximately the same common focal 
point as long as the base conditions of 
“A” above remain fixed. 

B. If the column pressure is changed, 
the focal point will then shift both verti- 
cally and laterally, with this shift being 
downward and normally to the left with 
increasing pressure. 

C. If the quality or temperature of the 
rich gas, or the temperature of the lean 
oil, is changed appreciably while hold- 
ing the operating pressure constant, the 
focal point will shift laterally along an 
appropriate horizontal “Operating Pres- 
sure” line. Under conditions of extreme 
temperature change, the slope of the 
operating line may also shift slightly, 
with this latter shift being due to a sub- 
stantial change in the fractionation effect 
associated with internal recycling of key 
component fractions. 

_ D. Tf intercooling is employed, the 
focal point will again shift laterally 
along an appropriate “Operating Pres- 
sure’ line, with the degree and direction 
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of this shifting being dependent on the 
amount and location of intercooling em- 
ployed. 

The functional background for these 
analytical characteristics of the Straight- 
line Chart may be summarized as fol- 
lows: 

A. The slope of the operating line is a 
function of: 

(1). The number of trays employed. 

(2). The adaptability of a given tray 
design to the particular volumetric 
vapor-liquid load imposed upon it. 

(3). The degree of internal recycling 
developed by differences in lean oil and 
rich gas temperatures. 

B. The vertical location of the operat- 
ing line focal point is a function of the 
relative absorptive responsiveness of 
butanes to changes in lean oil rate and, 
as such, is primarily influenced by oper- 
ating pressure. . 

C. The lateral location of the operat- 
ing line focal point is a function of the 
relationship existing between the true 
integrated mean absorption factor and 
the empirical Age of the analysis. As 
such, it is sensitive to operating pres- 
sure, rich gas quality, temperature dif- 
ferences between lean oil and rich gas, 
and degree and location of column inter- 
cooling. 

Typical examples of operating lines 
radiating from common focal points are 
shown in Figs. 1, 2, 3 in which Fig. 1 
presents data on a 20-tray column op- 
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erating at 450 psia, and Figs. 2 and 3 
data on 16-tray and 23-tray columns of 
identical tray designs operating at 60- 
65 psia. The marked changes in operat- 
ing line slope normally associated with 
substantial changes in absorber tray 


loading are clearly indicated in these 
three figures. 

Each operating line on each of these 
figures is analagous to a single Kem. 
ser-Brown “Theoretical Tray” lin: jn 
that it shows the relationship exisiing 
between a given per cent recovery of 
iso-butane or n-butane, and the A: re. 
quired to effect that recovery unde: the 
operating conditions reflected by the 
particular line in question. And since 
there are a series of lines of varying 
slope (i. different Ac values for a 
given per cent butane recovery) for 
each of the columns, it is evident that 
the effectiveness of the individual col- 
umns varies with the varying operating 
conditions associated with the individual 
operating lines. 

Now relative column effectiveness may 
be evidenced by different oil-gas ratios 
for the same key component recovery, 
or by different recoveries for the same 
oil-gas ratio, other operating factors be- 


, , =. re, 
ing equal. And since Ac=f (Xx) 


if the factors controlling “K” are held 
constant, then the oil-gas ratios required 
to effect a given butane recovery should 
be directly proportional to Ae. 

Under these circumstances the steep- 
est lines of Figs. 1 and 2 indicate an oil- 
gas ratio requirement of only 71 per 
cent that of the flattest line to effect.a 
95 per cent recovery of butane, while 
the steepest line of Fig. 3 indicates an 
85 per cent requirement for a similar 
comparative recovery. 

Oil-gas ratio differences of this order 
are of major importance, and Fig. 4 pre- 


FIG. 5. 
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sents direct evidence that their magni- 
tude is truly reflected in the slope of the 
Straight-line Chart operating lines. 

Fig. 4 presents test data on two 24- 
tray, 435-440 psia columns of radically 
different tray design operating with the 
same molecular weight oil on similar 
quality rich gas at similar lean oil and 
rich gas temperatures for the produc- 
tion of approximately the same isobu- 
tane recoveries (81.3 per cent vs. 83.4 
per cent). Under such circumstances, 
only a small adjustment need be made 
in the oil-gas ratio of one column to 
exactly duplicate the iso-butane recov- 
ery of the second, and the amount of 
such adjustment can be readily calcu- 
Jated. 

Such a calculation was made for Test 
10 of Fig. 4 under the designation of 
Test 10A. With this adjustment the 
chart data shows that column 8, operat- 
ing under substantially the same tem- 
perature conditions as column 9, would 
recover the same percentages of iso- 
butane, and 2 per cent more n-butane. 
than column 9 while employing a lean 
oil circulation rate only 80 per cent (i.e. 
12.2 vs 15.3 gal/std M cu ft) of that 
of column 9—and in keeping with the 
previous discussion on operating line 
slope, the isobutane A¢ of Test 10A is 
correspondingly found to be 80 per cent 
that of the isobutane Ae of Test 11. 

While oil circulation rates for a given 
butane recovery may be thus reduced by 
the use of more effective columns, asso- 
ciated propane recoveries will be re- 
duced in proportion to the oil-gas ratio 
reduction. This does not mean, however, 
that the more efficient column has no 
merit in the case of desired higher 
propane recoveries. Rather, it means 
that (for example) if the higher oil rate 
of Test 11 were retained for mainte- 
nance of a higher propane recovery. 
then the use of such a higher oil rate in 
an absorber exhibiting the effectiveness 
of column 8 would increase the isobu- 
tane recovery from 83.4 per cent to 
some 95.2 per cent, and the n-butane 
recovery from 94.3 per cent to some 
98.7 per cent, as indicated by points 10B 
of Fig. 4. 

A pair of operating lines from a spe- 
cial intercooled column test is presented 
on Fig. 5. In this particular test the lean 
oil and rich gas rates were held substan- 
tially constant, and cooling applied first 
near the top and then near the bottom 
of the column for the maintenance of a 
substantially constant rich oil outlet 
temperature. Operating Line 202 of Fig. 
5 represents the upper tray cooling run. 
and line 204 the lower tray cooling run, 
of this test. 

The superiority of upper over lower 
tray cooling for this particular operation 
is self-evident, while from th: Straight- 
line Chart angle it is to be noted that 
this superiority is evidenced by a paral- 
lel leftward displacement of the operat- 
ing line: focal point in the case of the 
more efficient run. Such horizontal shift- 
ing of the operating line focal point is 
characteristic of changes in location or 
degree of column intercooling, or wide 
changes in rich gas-lean oil temperature 
ifferences. 
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From evidence presented by a large 
amount of test data similar to those of 
Figs. 1-4, it can be postulated that in- 
creases of operating line slope approach 
infinity as a limit, and that at such 
limit, the base focal point Ag is directly 
analagous to the classical conception of 
a “Minimum Reflux Ratio” for an in- 
finite number -of trays. This “Minimum 
Ae” concept, in turn, provides a rational 
basis for reduction of operating line 
values to a ‘Single Number” evaluating 
factors, which factor we have designated 
as the: 

Overall Extraction Efficiency “EE” 
and defined as: 


“EE” ; 


amount of lean oil required to effect a 
95 per cent butane recovery under the 
particular base operating conditions in 
question (i.e. column pressure, lean oil 
temperature, and rich gas temperature 
and quality). 

Obviously, where the operation of the 
column as a whole is the primary inter- 
est, such an overall evaluating factor 
carries much more significance than the 
classical individual tray efficiency fac- 
tor. 

Given such an evaluating factor and 
the previously outlined focal point char- 
acteristics of the Straight-line Chart, it 
is seen that the operating effectiveness of 


Ae of the operating line focal point 





The choice of a 95 per cent recovery 
hase for this efficiency factor was purely 
arbitrary; however, it was a logical 
choice in that it represents a fair mean 
of the higher efficiency isobutane and 
n-butane recovery operations currently 
employed in the industry, and falls at 
a convenient reference zone on the 
Straight-line Chart. 

It should be emphasized that this over- 
all “Extraction Efficiency” factor is dis- 
tinctly different from the classical in- 
dividual “Tray Efficiency” factor in that: 

(1). It is a measure of overall column 
effectiveness rather than individual tray 
effectiveness. 

(2). Although accurately defining the 
slope of the column operating line for 
any butane recovery, as a direct evalu- 
ative number it applies only to a 95 per 
cent recovery. 

(3). As such, it expresses the approx- 
imate ratio (in terms of per cent) of 
the theoretical minimum to the actual 


FIG. 6. 


50 
75 
100 


FOCAL POINT LOCUS 


150 


Ae of the operating line at 95 per cent recovery “ 


< 100 


any column under any condition of op- 
eration can accurately be defined by two 
numbers, namely: 

(1) The Extraction Efficiency “EE”, 

(2) The Ae of the operating line 
focal point. 

In the case of simple normal operat- 
ing columns (i.e. non-intercooled col- 
umns operating on rich gases of normal 
composition at normally encountered 
rich gas/lean oil temperatures) the ba- 
sic conditions of the column operation 
are primarily controlled by the operat- 
ing pressure, and all focal points cling 
closely to a single mean “Operating 
Pressure—Focal Point Ae” line. Under 
these conditions, designation of a focal 
point A¢ can often be dispensed with, 
and a first order measure of column ef- 
fectiveness defined by “Extraction Effi- 
ciency” alone. 

Fig. 6 presents an enlargement of the 
pressure sub-grid of the Straight-line 
Chart on which we have plotted a series 
of well-defined focal points for a num- 
ber of normal operating columns rang- 
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ing in pressure from 50 to 1800 lb ga. 
Study of this figure shows that only a 
secondary order of difference in butane 
yield is indicated as between using an 
actual test defined focal point, and a cor- 
responding mean focal point from the 
heavy dashed “Locus Line” of the figure. 

While procurement of additional test 
data may result in a future shifting of 
this normal locus line in the high pres- 
sure region, it is thought to be already 
quite well-defined for pressures up to 
600 psia. 

Identification and evaluation of pro- 
pane recoveries is also a function of the 
Straight-line Chart. As would be ex- 
pected, the propane recovery lines are 
distinct from the butane recovery lines, 
and are independent of the overall op- 
erating effectiveness of most simple com- 
mercial columns up to recoveries of the 
order of 75-80 per cent. However, these 
lines do shift significantly with operat- 
ing pressure. 

In Fig. 7 we present an enlarged sec- 
tion of the Straight-line Chart pressure 
grid on which we have indicated: 

(1). Typical propane recovery lines 
for “normal” columns at four different 
operating pressures. 

(2). A “50 psia Intercept” base guide 
line whereby one can draw a mean “nor- 


mal” propane recovery line for any de- 
sired operating pressure. 

To use this chart, find the Ae value 
of the intercept of the subject operating 
pressure line with the propane base 
guide line, and draw a straight line from 
0-0 of the Chart to this Ae value at the 
50 psia line. Normal propane recoveries 
for the more efficient commercial col- 
umns will coincide with this straight line 
up to values of the order of 60-65 per 
cent recovery, and thence curve slightly 
upward to 75-80 per cent in keeping with 
the pattern set by the several recovery 
lines of Fig. 7. To date we have no data 
on recoveries of more than 85 per cent. 

In using this mean “normal” propane 
recovery chart, it should be noted 
that propane recoveries will increase 
over the mean line value with extra low 
rich gas and/or lean oil temperatures, 
and decrease with extra high tempera- 
tures. Unfortunately, we have not accu- 
mulated sufficient data to date to permit 
of correlating such deviations with the 
actual temperature differences. It should 
also be noted that propane recoveries 
will fall below their mean line values in 
cases of extra low column effectiveness 
—a case at point being runs 147 and 148 
of Fig. 1. 

An extremely important attribute of 
the Straight-line Chart is the automatic 
check provided on the validity of test 
data and analyses of test samples in that. 
with properly stripped oil: 


PROPANE RECOVERY CURVES 


x 60- 


© 400- 450 


© 825 


BO PSIA 


@ 1425 - 1475 


ABSORBER PRES.-PSIA 


(1) Two or more sets of iso-butane 
and n-butane recovery points obtained 
with the same vapor-liquid tray loading 
and narrow range temperature changes 
on a given column must produce a com- 
mon operating line. 

(2) Two or more such operating 
lines obtained from different volume 
loadings under the same base operating 
conditions must converge at a common 
focal point. 

(3) This focal point must fall on the 
proper operating pressure line of the 
sub-grid. 

(4) Associated propane recovery 
points must fall in their proper position 
on the Chart. 

Obviously, even with the most care- 
ful test technique, all test data will not 
conform exactly with these Straight-line 
Chart standards. In justification for the 
stand that in order to be authoritative 
such data must reasonably so conform. 
we can state that: 

To date, whenever we have found test 
data materially deviating from the 
Straight-line Chart standards, and have 
repeated the test, the second set of data 
has either conformed with said stand- 
ards, or deviated as much or more from 
the first set of test data as either deviated 
from the Straight-line Chart standards. 
In other words, we have yet to find a 
consecutive series of test data consist- 
ently diverging from the above defined 
standards of the Straight-line Chart. 


GUIDE LINE FOR 


PROPANE RECOVERY INTERCEPTS 
ON 50 PS 1A BASE LINE 


0.4 0.5 
ABSORPTION FACTOR A, 
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In this connection, we wish to empha- 
size that the extreme consistency shown 
by the plotted data of Figures 1-4 is 
the result of: 


(1) Running extremely carefully 
controlled tests on well-equipped col- 
umns under excellent operating condi- 
tions. 

(2) Charging extra large volumes of 
gas samples to the laboratory analytical 
columns whenever required. 

(3) Repeating any key tests which 
failed to conform to the Straight-line 
Chart standards. 

(4) Picking the best of such test data 
for the illustrative material of the fig- 
ures. 

Application of the Straight-line Chart 
analysis to a large number of special 
tests on a wide range of absorption col- 
ums during the last year has resulted in 
some rather striking generalizations 
concerning current commercial column 
eficiencies—which generalizations may 
be summarized as follows: 

(1) All columns, irrespective of tray 
lype or design, vary substantially in ex- 
traction efficiency with any substantial 
change in vapor and/or liquid loading. 

(2) Such variations are much larger 
than generally appreciated over nor- 
mal]. accepted ranges of column load- 
ing. 

(8° The combination of vapor-liquid 
loading at which peak extraction ef- 


with type and design of tray layout. 


(4) As a result, a very large propor- 
tion of all columns in actual operation 
today are not only operating well under 
the best attained efficiencies of the best 
columns in their particular class, but 
also well under their own particular 
“neak” efficiency. 


(5) Many low pressure commercial 
columns operate at extremely satisfac- 
tory extraction efficiencies, whereas 
even the best of present day high pres- 
sure commercial columns operate at 
medium to poor extraction efficiencies. 

(6) We have found nothing in our 
studies to indicate that the higher pres- 
sure columns cannot be designed to op- 
erate at extraction efficiencies approxi- 
mating those attained with the best low 
pressure columns, and much to indicate 
that they can and will be so designed in 
the future. 

The importance to natural gasoline 
plant economics of the above generaliza- 
tions is indicated in Fig. 8 on which we 
present: 

(1) A plot of Extraction Efficiency 
vs Operating Pressure for some 86 key 
tests on 30 different columns—with the 
boundary of best operation points being 
defined by a solid “Maximum Extrac- 
tion Efficiency” curve. 


(2) The saving in oil circulation re- 
quirements for 90 per cent butane re- 
covery which would be effected over the 
indicated “Maximum Efficiency” opera- 
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irrespective of pressure, were capable 
of operating at the actually attained 
82.5 per cent extraction efficiency of the 
best 60 psia columns. 


When we realize that these potential 
savings apply only to the most efficient 
of present day commercial units, that 
probably less than 20 per cent of to- 
day’s columns are operating at or near 
the indicated maximums, and that a 
great many commercial columns are op- 
erating far below the indicated “best in- 
dustry” figures, the magnitude of the 
potential savings involved (either in the 
form of reduced oil circulation as per 
Fig. 8, or in added butane recoveries 
under conditions of maximum propane 
production) begins to be appreciated. 


With steadily increasing demands for 
higher recoveries and greater fuel econ- 
omies facing the Natural Gasoline In- 
dustry, attainment of at least a portion 
of the potential savings implicit in 
Fig. 8 would appear a “must” for the 
not-too-distant future—and it is our trust 
that the Straight-line Chart with its asso- 
ciated Extraction Efficiency factor “EE” 
will play an important role in this de- 
velopment. 

In closing, we wish to acknowledge 
our indebtedness to all those companies 
and individuals who have so generously 
contributed facilities and data to this 
work, and without whose help the con- 
cept of a Straight-line Chart could never 
have been reduced to practical actual- 
ity. x*k* 
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Compressors and Engine Manifolds’ 


Noise, piping vibrations, and serious 
deviations from predicted compressor 
performance may all result if the nat- 
ural frequencies of the compressor 
piping system equals some important 
component of the pressure wave set 
up by the intermittent “puffs” of gas 
passing through compressor intake or 
exhaust valves. Analogy between these 
pressure waves and electrical waves 
has long been known. The author has 
made use of this in developing a 
method for predicting the natural fre- 
quencies of proposed compressor pip- 
ing systems. He has applied the 
method to piping systems experiment- 
ally studied by others; agreement has 
been found to be surprisingly close. 
His predicted frequencies were often 
within one per cent of the experiment- 
ally determined values. 


The Problem. Builders and operators 
of reciprocating compressors for 
many years have been disturbed by a 
number of difficulties. Some are noise, 
piping vibration, low or unexpectedly 
high capacity, low efficiency, or seri- 
ous periodic vibrations in speed, 
called hunting. Attempts to correct 
these difficulties in completed full-scale 
plants are expensive. Such disturb- 
ances appear to be due to resonance 
between the natural frequencies of the 
piping system or a portion of it and 
the fundamental or a harmonic of the 
pressure wave set up by intermittent 
intake or discharge of gas by the cyl- 
inder. Thus determination of the nat- 
ural frequency of the piping system is 
necessary. 

It will be recognized that these pres- 
sure pulsations within the piping may 
cause difficulties due to their effect 
upon the indicator cards or because of 
vibration of the piping itself as a Bour- 
don tube pressure gage and as a result 
of a change of momentum of the gas. 
It is emphasized that the superimposed 
oscillating component of pressure is 
studied, not the pressure drop due to 
steady flow through the system. An 
average pressure P, throughout the 
system is assumed. 





*Presented before the Cailifornia Natural Gas- 


oline Association this paper is based upon’parts 
of a thesis submitted in: partial fulfillment of the 
requirements for the degree of Ph. D..in Me- 
chanical Engineering, Illinois Institute of Tech- 
nology, Chicago 16, Illinois. 
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Methods of Attack. Direct calculation 
is possible for simple piping systems 
from the usual organ pipe theory, but 
more complicated systems cannot be 
calculated readily in advance of con- 
struction. Because of the complexity 
of the typical compressor or engine 
plant piping system, the labor in- 
volved in mathematical calculation is 
often unwarranted. The effect of a 
simple change of some quantity such 
as manifold volume can be determined 
only by repeating the entire calcula- 
tion. The analogy to torsional vibra- 
tion or to water hammer is apparent 
but not directly applicable. A direct 
experimental attack on a small-scale 
model is possible but difficult. Good 
indicator diagrams at speeds between 
500 and 1500 rpm are rare. Measure- 
ment of the oscillating flow of gas is 
also difficult. The graphical method 
proposed by Warming’ seems best 
adapted to quick solution of simple 
circuits but not to solution of complex 
circuits or especially to trial of many 
proposed alternatives on complex sys- 
tems since a nearly fresh start must be 
made for each trial and a separate 
diagram is needed for each branch of 
any complex piping system. 

An electrical analogy method was 
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originally suggested by Dean L. \. K. 
Boelter, now at U.C.L.A., as a con. 
venience in visualizing the problem. 
Experimental use of radio capacitors, 
inductors, and an oscillator at audio 
or radio frequencies appeared pos- 
sible. The difficulties of changing wir. 
ing, the relative scarcity of readily 
variable accurate capaciters and in- 
ductors, the relatively large imped. 
ances of the connecting lines, and the 
possibilities of interference made this 
direct attack seem impracticable. In- 
stallation of an A.C. network calcu- 
lator by the Armour Research Founda- 
tion of Illinois Institute of Technolog) 
made direct experimentation seem 
feasible. 

The electrical analogy seemed de- 
sirable as a direct attack on an elec- 
trical network calculator of the type 
used for solving alternating current 
transmission line problems. In con- 
trast to direct experiment, the electri- 
cal method permitted simple, safe, and 
accurate measurement by a single ob- 
server of the electrical potential differ- 
ence or voltage, the current, and other 
quantities in a stable and easily ad- 
justed system of any complexity. A 
given electrical circuit with definite 
numerical values actually represented 
a variety of acoustical systems, tend- 
ing toward generalization of the prob- 
lem. The use of an electrical analogy 
for an acoustical system is not origi- 
nal. Olson,” for example, presents a 
number of analogies. The use of the 
A.C. network calculator for direct ex- 
perimental attack seems new. 

The Analogous Circuit. An analog) 
between comparable systems depends 
upon the fact that behavior of each 
system is described by equations of 
the same form. The analogy used here 
depends upon substitution of electri- 
cal terms for the corresponding ele: 
ments in differential equations derived 
for the acoustical system. The deriva- 
tion made the usual assumptions of 
small pressure fluctuations from a 
average value, a continuous medium 
without shock waves, stiff and unyield- 
ing pipe walls, etc. The present an- 
alogy, as used experimentally, ne- 
glected the effect of resistance oF 
damping upon the resonant frequency. 
Therefore, no attempt was. made. to 
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predict actual pressure or velocity 
fluctuations. 

The analogy between lumped me- 
chanieal, acoustical, and electrical 
systems is well known. The cor- 
responding analogy in the case of a 
distributed system, while recognized, 
does not seem to have been used ex- 
perimentally. Fig. 1 shows three 
simple, idealized, lumped systems. 
Friction or resistance and driving 
forces are neglected in each case. The 
respective differential equations ate 
well known. Derivations are briefly 
outlined in the Appendix. 

Several relationships are possible, 
hut for convenience in visualizing the 
problem and. in selecting the ranges 
of elements which are physically avail- 
able, oscillating pressure (about an 
average pressure) has been replaced 
by alternating electric potential, and 
rate of oscillating gas flow or volume 
current by alternating electrical cur- 
rent. Then the inertia of the gas may 
he visualized as comparable to the 
inductance. The spring effect of a vol- 
ume of gas (into which more may be 
packed by raising the pressure) is re- 
placed by a condensor or capacitor, 
on which more electrical charge can 
be stored by raising the voltage. 

Equations for long pipe lines with 
distributed parameters or properties 
are derived in different ways in vari- 
ous text books on acoustics and in a 
thesis by Rheinhart.* The final equa- 
tions for motion show the same values 
for inertance and capacitance when 
compared with the equations for elec- 
trical transmission lines with distrib- 


uted inductance, capacitance to 
ground, and resistance. 

Electrical texts then show that the 
uniformly distributed parameters can 
be replaced, so far as the effects at the 
terminals are concerned, by lumped 
or grouped parameters arranged in 
pi- or T-shapes as shown in Fig. 1. For 
the pi-shaped lump, all the inductance 
in the line segment considered is 
gathered into a single inductor. All the 
distributed capacitance to ground is 
replaced by two capacitors, each half 
of the total distributed capacitance. 
connected from either side of the in- 
ductor to ground. Alternatively, the 
T-shaped lump splits the total induc- 
tance but combines all the capacitance. 
The two circuits are equivalent. 

For adequate engineering accuracy 
the higher terms of the hyperbolic 
functions for the exact replacement 
can be neglected, provided the seg- 
ment considered is less than 1/20th 
to 1/10th of a wave length at the fre- 
quency under consideration. Lumps 
3 to 10 ft long are often suitable in 
dealing with engines or compressors. 
Simplification of System. A consid- 
eration of the boundary conditions for 
the lumps shows that adjacent seg- 
ments of a plain cylinderical pipe can 
be joined end to end. The adjacent 
capacitors may then be added and 
combined into a single capacitor. A 
similar process can be earried out at 
changes of cross-section, as from a 
small pipe leading into a header. 

Certain components of predomi- 
nantly one type of parameter, either 
capacitance or inductance, can often 





be represented by single lumps or 
even combined with the adjoining 
lumps. The acoustical inertance, an- 
alogous to electrical inductance, varies 
inversely as the cross sectional area 
of the pipe, while the acoustical (and 
analogous electrical) capacitance 
varies directly with that area. Thus, 
short sections of large diameter as 
compared to the rest of the system. 
such as manifolds or receivers, are 
analogous to nearly pure capacitors. 
If the small inductance is neglected 
entirely, the pi-shaped lump can be 
simplified to a single large capacitor 
which in turn can be added to the 
capacitors of the adjoining pi-shaped 
lumps to form as a single still larger 
capacitor. The total number of elec- 
trical units needed on the calculator 
is thus reduced. In general as many 
capacitors as inductors are necessary. 
Termination of Line. An open pipe 
can be shown to correspond to an elec- 
trical short circuit, since pressure dis- 
turbances are immediately dissipated. 
At a capped or closed end the piping 
system is cut off, pressure can fluctu- 
ate, but no further disturbance is pos- 
sible beyond that point. Correspond- 
ingly an open end of the electrical 
circuit, without connection between 
the line carrying the potential and ihe 
ground, prevents electrical current 
from flowing further but permits po- 
tential to exist between the line and 
ground and permits reflection of 
waves. An infinitely long line can be 
replaced by its “surge impedance” 
just as an infinitely long electrical 
transmission line. This impedance is 
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ized analogous lumped systems. 


is 
+" AREA A 


C. HELMHOLZ RESONATOR, 
ACOUSTICAL EQUIVALENT 





oan 
' OPEN 











VIBRATING SYSTEM EQUIVALENT 
VIBRAPING 
PISTON 
Ll ! 
' 
! ‘ 
1 
o—+ x + 





D. LONG PIPE WITH DISTRIBUTED CONSTANTS 


% 





GENERATOR 
L 

c ibe ok 

ie T2 


TT- SHAPED 
.. LUMP F. 





+ ee 


E. ELECTRICAL TRANSMISSION LINE WITH 
DISTRIBUTED CONSTANTS 


rer 


— 


T-SHAPED LUMP 


END 
IMPEDANCE 


REPRESENTATIONS FOR PORTIONS OF 
A LINE OF DISTRIBUTED CONSTANTS, 
LENGTH 1,USING LUMPED GONSTANTS, 
TERMINAL CONDITIONS EQUIVALENT TO 
THOSE OF THE DISTRIBUTED LINE 


LB. SEC. 
Fr. > 


Z,,IMPEDANCE 





FIG. 2. Effect of addition of re- 
sistance to an electric circuit. 
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FIG. 3. Result of addition of com- 
ponents of pressure oscillation. 


a pure resistance connected from the 
line carrying the potential to the 
eround. No reflections will occur from 
such an impedance since it is equiva- 
lent to a line through which the dis- 
turbance passes indefinitely without 
returning. 

Resistance Neglected. In the calcu- 
lations for most of the cases studied in 
the thesis and compared with practical 
experiments, resistance was neglected. 
A considerable number of cases, too 
numerous to report in detail here, in- 
cluded engine and compressor intake 
and discharge lines, some including 
surge chambers. The natural frequen- 
cies of the piping systems as deter- 
mined by the electrical analogy coin- 
cided within one or two per cent with 
those determined experimentally on 
the actual piping systems. 

To estimate, to a certain extent, the 
effect of resistance, electrical resist- 
ance was arbitrarily added in a circuit 
corresponding to Test III on a com- 
pressor intake by Voissel.* It will im- 
mediately be recognized that acousti- 
cal pressure drop varies as the square 
of velocity, whereas the electrical 
voltage varies only directly as the elec- 
trical current. The analogy thus does 
not truly hold for resistance, if a 
simple resistance element is used. 
(Since the experimental work for this 
paper was conducted, several multi- 
plier systems have been described by 
Harder and McCann.° Their use, how- 
ever, does not seem necessary for this 
purpose since for natural frequencies 
such satisfactory agreement was ob- 
tained with the complete neglect of 
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FIG. 4. Result of addition of vector diagrams. 


resistance. No attempt was made to 
predict extent of pressure or velocity 
variation. ) 

As shown in Fig. 2 the addition of 

resistance, either as a lump at one 
point in the electrical circuit corre- 
sponding to the piping system or dis- 
tributed throughout the circuit, merely 
lowers and flattens the resonance curve 
with only a slight downward shift of 
the natural frequency. As a matter of 
fact, addition of considerable resist- 
ance makes the electrical resonance 
curve more nearly resemble that ob- 
tained on the practical acoustical sys- 
tem. 
Natural Frequency and Compressor 
Speed. The following section may be 
unnecessary for those familiar with 
methods for predicting torsional vib- 
rations of crank shafts, a comparable 
phenomenon. 


A Fourier series analysis might be 
made of the resultant pressure disturb- 
ances due to the train of “puffs” of gas 
or air in the pipeline immediately ad- 
jacent to the machine. The relative 
magnitudes of the fundamental and 
the various harmonics of the irregular 
“puff” due to one end of one cylinder 
will depend on many factors, such as 
piston action, relation of sizes of valve, 
pipe, and cylinder, valve opening 
speed and pressure at that time, etc. 
Fortunately, knowledge of the exact 
wave shape is unnecessary for prac- 
ticable purposes. 


As shown in Fig. 3 a crude picture 
may be obtained by considering the 
“puff” from the indicator card when 
replotted on a time basis. 
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If more than one cylinder end 
pumps into or from a given piping 
system, the appropriate harmonics 
can be added by vector diagrams, as 
in Figs. 3 and 4. The most serious 
disturbance will occur for resonance 
between the natural frequency in a 
given mode of vibration and a har- 
monic yielding the maximum vectorial 
sum of the harmonics of waves due io 
the “puff” from the individual cylin- 
ders. Less serious and often negligible 
vibration will occur for resonance be- 
tween a natural frequency and other 
harmonics which add to lower values. 


Comparison of Figs. 3 and 4 shows 


~ that the number of the harmonic 


whose vectors are parallel and in ihe 
same direction, and hence add di- 
rectly, is not necessarily the sum of 
the number of cylinder ends. If the 
impulses are uniformly spaced, their 
sum equals the number of cylinder 
ends and indicates the number of the 
important harmonic. However, irregu- 
lar firing orders or spacing of cylin- 
ders should be studied by means of 
the vector diagrams, as in Fig. 4. The 
relative importance of eight times ihe 
eighth harmonic compared to only 
twice the sixth harmonic for such a 
three-cylinder, double-acting machine 
will depend on the shape of the “puff. 
The engine crankshaft should be de- 
signed from this viewpoint as well as 
other considerations, such as firing 
order, stress, and torsional vibration. 
An estimate may often be obtained by 
superimposing arbitrary shapes of 
“puff” from the cylinder in their 
proper timing and noting the ire- 
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quency of the major ripple in the sum 
of the waves. 


impedance Calculation. For the 
acoustical system the properties of the 
gas at an average pressure P, and tem- 
perature are presumed to be known. 
In the case of high pressure compres- 
sors the super-compressibility of the 
gas should be considered. The value 
for the ratio of specific heats should 
also be obtained for the pressure and 
temperature which will actually be 
encountered. Acoustical inertance and 
capacitance for the various segments 
of pipe line can be readily calculated, 
preferably in tabular form. Suitable 
sections or lumps are usually the 
length from cylinder to manifold, the 
complete manifold, and sections of 
1/20th or even, with good accuracy, 
1/10th of a wave length in the main 
discharge pipe. The wave length, of 
course, is that corresponding to the 
suspected harmonic of the operating 
speed of the compressor for which ihe 
vector diagram shows disturbance 
may occur. 


The acoustical impedance Z, is the 
pressure divided by the volume cur- 
rent in consistent units. The relation- 
ship between the acoustical and ihe 
electrical systems is then defined in 
terms of an arbitrarily chosen scale 
factor F,. 


For the particular calculator used, 
with an operating electrical frequency 
of 440 cycles per second, the induc- 
tive reactance was directly calibrated 
on the dial. The capacitors, however, 
are calibrated in microfarads. 


FIG. 5. Development of a simplified wiring 
diagram, lumped manifold arrangement 


Combining Cylinders. The process of 
adding units is shown in Fig. 5. In the 
box are shown first a three-cylinder 
compressor discharging into a mani- 
fold, then the same system with the 
manifold considered as a lumped vol- 
ume or sphere with three parallel cyl- 
inders discharging into it, then an 
equivalent single cylinder discharging 
through separate passages into this 
sphere. It will be recalled that under 
the critical conditions at which seri- 
ous resonance will occur, usually all 
the harmonics are in phase, and there- 
fore the cylinders act as though they 
were one with all pressure waves in 
phase. The corresponding electrical 
networks are shown in the bottom of 
the box, although the very elaborate 
network corresponding to a distrib- 
uted manifold is omitted because of 
lack of space. Around the top and 
right side of the box is shown the 
equivalent network. For a practical 
piping system the three parallel and 
equal inductors of the last circuit in 
the box are combined as a single in- 
ductor of value ¥3,of any one of ihe 
three. The three parallel capacitors are 
combined as a single capacitor—equal 
to the sum of the three. Then ihe 
capacitors on the right side of ihe 
first pi-shaped lump and the left of 
the next are added and combined. The 
final result is an electrical system 
which looks as if it applied to a simple 
straight organ pipe. The numerical 
values of the first few units corre- 
sponding to the small pipes from cyl- 
inders to the manifold and to the mani- 
fold itself are not equal to the values 


(14), 3-cylinder natural gas compressor. 
























































for adjacent elements of plain pipe 
to the header. 

This result indicates that a general- 
ized system could readily be tested 
with systematic variation of the first 
few inductors and capacitors in com- 
parison to the remainder to give the 
effect of variation in manifold size and 
volume. Some preliminary experi- 
ments of this nature were in fact per- 
formed very simply and rapidly. 


Effect of Frequency, Speed Varia- 
tion. The network calculator is oper- 
ated at a constant frequency, say 440 
cycles per second. The effect of vary- 
ing acoustical frequency, correspond- 
ing to resonance with a new compres- 
sor speed, was obtained by varying the 
scale factor F, and the inductive re- 
actors on the calculator, X,. leaving 
the capacitors at base values which 
were originally calculated for an arbi- 
trarily chosen acoustical frequency. 
The inductive reactance varies as the 
square of the speed ratio while the 
scale factor varies directly with the 
acoustical frequency. 

An alternative method yaries the 
electrical frequency supplied to the 
calculator, leaving the inductors and 
capacitors at their initial setting. This 
method was.also followed successfully. 
Consideration must be given to pos- 
sible errors in the meters at variable 
frequencies for which the calculator 
was not originally designed. 


Nature of the Calculator. The A.C. 
network calculator consists of cali- 
brated and adjustable inductors, re- 


FIG. 6. Warming's graphical method 
for determining natural frequencies. 
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¢. GRAPHICAL SOLUTION AT RESONANCE 
FOLLOWING WARMING 
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sistors, and capacitors, like enlarged 


photograph the resulting wave forms 








Results. The electrical analigy 
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radio parts. These can be combined in __ on an oscillograph. method was checked against reported at 
any desired arrangement by means of The highest value of impedance at —_-natural frequencies of actual intake or sp 
cord banks and plug boards which the generator end, Z,, was used as a _—‘ discharge systems of compressors and wl 
permit connection as simply as plug- measure of resonanee with the applied engines containing air or exhaust zas, wi 
ging a lamp into a base plug. The main electrical frequency and hence of the with temperatures from room to sev. N 
metering desk is rapidly connected to natural frequency of the equivalent eral hundred degrees. Tests included at 
any desired circuit element by small acoustical system. The highest im- two and four stroke cyele engines and tir 
relays selected by push buttons on the _pedance indicated the greatest range _—_Single- and double-acting compressors Fi 
desk, somewhat like dialing a tele- of pressure oscillation for a given vol- operating at 120 to 1200 rpm, in vari- is 
phone. The meters are. operated by ume current oscillation applied by ous combinations. The analogy method m 
electronic amplifiers so that the drain _ the fixed piston motion. The effect also agrees with Warming’s graphical 
upon the system and consequent dis- upon the pressure within the cylinder method shown in Fig. 6, both on his ci 
tortion due to insertion of the meters = during valve opening in the actual examples and on hypothetical cases, le 
themselves is negligible. They are in acoustical system would then be a Athree-cylinder, double-acting com- ta 
general more accurate and certainly maximum. These observations were pressor was studied extensively, but se 
ire easier to use than equivalent confirmed by the pressure-time dia- not included in the thesis. Tests on the cc 
acoustical devices, such as indicators —_ grams in the studies by Voissel* on —_ calculator indicated severe vibration su 
or flow meters. They can be connected _ the intake to a compressor and by increasing from 1560 to 1830 vibra. ve 
it any desired point in the system far —_ Farmer® on Diesel engines. tions per minute, with a peak vibra. m 
more easily than pressure taps and Because of the high first cost needed tion in a complex mode at the latter be 
orifice plates could be inserted in an tg _ obtain operating simplicity, few value. This was almost exactly six ar 
actual piping system. companies can afford to own a calcu- __ times normal compressor speed, 300 m 
The generator used to represent lator. It is usually more practicableto |= rpm. A vibrometer held against the 
compressors or engines is not a rotat- participate in a cooperative agreement discharge piping showed increasingly yi 
ing device but rather a phase shifter | with other prospective users orto rent — severe vibration of these same fre- vi 
or a set of coils. To determine natural operating time on an existing calcu- quencies, always six times engine ti 
lrequency of a piping system only one lator, of which well over a dozen are speed. Recent information, however. re 
generator was necessary. In this study —_ available in the country. The work re- _— confirms a crankshaft arrangement of ac 
a solution for steady state forced and ported here was done at Illinois In- the eight-cylinder engine which would pi 
natural vibration was sought. It is also stitute of Technology. In the near fu- give 45-degree spacing, somewhat re- ( 
possible, however, to apply transient ture U.C.L.A. will have a smaller, but — sembling Fig. 4, with harmonics from di 
potentials of arbitrary forms and to adequate, calculator. only two cylinders adding at six times in 
‘ | 
. | 
GUIDE T0 . OF ORDINARY 
LOW-COST SOLENOID VALVES 
CLEANING GENERAL CONTROLS 
ERE are 28 pages of job-tested maintenance K-10 SERIES 
cleaning procedures in the production, refining cee eO-MAGHESES 
LEVER VALVES Ps 


and distributing divisions of the industry. Based on 
operating records of both large and small petroleum 
organizations, this Digest contains 88 shortcuts to 







CONTROLS: LIGHT AND. HEAVY OILS, AIR, WATER 


economy in cleaning, paint-stripping, descaling and GAS, STEAM, REFRIGERANTS, etc. Suitabl 
related procedures. Write TODAY for your FREE sures up to 1000 pounds and temperatures uy 
copy to Oakite Products, Inc., 48 Thames Street, SIX TIMES THE POWER. of 
New York 6. N. Y seating pressure and overc¢ 






















fluids, such as heavy fuel 
INSUresS POSItIVE « 
available 


OAKITE PRODUCTS, INC., 48 Thames St., NEW YORK 6,N. Y. 
Technical Service Representatives in Principal Cities of U.S. & Canada 





Internal valve | an be removed n 
Inspection if nece wr / or D.C faviacael 
failure—packless c¢ nz y—stainless steel 


MATERIALS | and bronze internal parts—soft seats ava 









METHODS FOR COMPLETE SPECIFICATIONS request new Catalog. 
eee . ;, GENERAL |°:/ CONTROLS 
Specialized Industrial Cleaning ss ee 
Manufacturers of Automatic Pressure, Temperature, Level g Flow Comtrous 


FACTORY BRANCHES AND DISTRIBUTORS IN PRINCIPA 






THE PETROLEUM ENGINEER, Reference Annual, 1949 





or 
nd 
as, 
ay. 
le 
nd 
OTs 
Ti- 
od 
cal 
his 
eS, 
m- 
but 
the 
ion 
ra- 
yra- 
iter 
SIX 
300 
the 
gly 
fre- 
sine 
ver, 
t of 
yuld 
-re- 
rom 


mes 

































engine speed, but all cylinders adding 
at eight times speed. One can only 
speculate, without further test, as to 
whether twice the sixth harmonic 
would exeeed eight times the eighth. 
No tests were made on the calculator 
at frequencies corresponding to eight 
times normal operating speed range. 
Further study of this particular case 
is indicated, although the general 
method seems entirely sound. 

For prediction of natural frequen- 
cies within two per cent, and usually 
less, only the inertance and capaci- 
tance of the system, calculated by es- 
sentially acoustical methods, need be 
considered. The discrepancy in pres- 
sure drop due to resistance, large 
variations of pressure compared to the 
mean, shock waves, the effects of 
bends, and the end effect of open pipes 
and sudden changes in pipe diameter 
may be neglected. 


The analogy as used here does not 
yield quantitative values for pressure 
variations although they are qualita- 
tively comparable to observations of 
relative pressure variations on the 
acoustical systems. Resistance, com- 
parable to an orifice, lowers voltage 
(and pressure) variation, but resists 
direct as well as oscillating flow, wast- 
ing energy. 
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25,000,000 Housewives 
Cook With Gas 

At the end of 1948, the gas utilities 
were serving 22,689,800 customers, in- 
cluding about 325,000 customers who 
receive LP gas or “bottled"’ gas di- 
rectly from gas utility companies. In 
addition it is estimated that more than 
4,500,000 customers are being served 
with LP gas in rural areas and other 
territories extending beyond the gas 
utility mains. Today nearly 25,000,000 
housewives in the United States are 
“Cooking With Gas." 
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Either T-shaped or preferably pi- 
shaped lumps may be used to repre- 
sent segments of piping. Some tests 
indicated that they may be 1/10 of a 
wave length with less than 1 per cent 
error in the resonant frequency. 
Generolized Systems. An increase in 
shunt capacitance between the line 
and ground, equivalent to increase in 
receiver volume, /owers the natural 
frequency of the system but decreases 
the impedance, comparable to decreas- 
ing the pressure variations in a prac- 
tical piping system with constant 
piston motion. Capacitance near ihe 
generator. or receiver volume nearer 
the piston, is more effective in pro- 
ducing these changes. 
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Pritchard’s patented SEALD- 
FLOW unitized self-ventilating 
fan drive, available on new 
towers or as replacement 
units on any make of tower. 


908 Grand Ave. 


The addition of a capped branch 
pipe at any point along the line also 
lowers the natural frequency of the 
system and has greater effect when it 
is nearer to the compressor. The total 
of branch plus direct pipe exceeds the 
length of direct pipe alone needed for 


a given natural frequency. 


Conclusion. It is thus seen that the 
natural frequency of a piping system 
can be predicted, resonance with the 
harmonics of “puffs” from the cylin- 
ders can be foreseen, and the effects 
of variation in manifold volume or 
pipe length can be predicted inexpen- 
sively in the design stage. Indiscrimi- 
nate adding of receiver volume may 
well be dangerous because of lowering 
of natural frequency. Use of an orifice 
is wasteful and may also be dangerous. 
but an impedance—capacitance filter 
comparable to a low-loss muffler can 
easily be designed by simple experi- 
ments. Support by the industry of a 
concerted development of design cri- 
teria in the form of results on general- 
ized system would seem worthwhile. 
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many friends in the compressor and 
gas industries. 


APPENDIX 
Differential Equations 


With resistance and driving force 
neglected, the spring force applied to 
the mass in Fig. 1 equals the mass 
times its acceleration. The force F due 
to the spring, —kx or —kfv dt, is di- 
rected back toward the neutral posi- 
tion. (If the system is not horizontal, 
the effect of gravity balances out if 
the neutral position is that of equilib- 
rium with the weight on the spring.) 


F = —kx = —kfv dt = Ma =MS 
dv ; 
My, t+ kSy a=@.:. « @) 


Various electrical engineering tests 
show, usually from energy considera- 
tions, that in the simple circuit in Fig. 


Ll: 
. +4 J idt=o . (2) 


EK = Lat 

In the acoustical case of the Helm- 
holz resonator, a plug of gas in the 
neck of a flask can be considered to be 
the mass. This then is the average 
density po times the volume of the plug, 
or its length | multiplied by the cross- 
sectional area A of the neck. With 
considerable calculations based on ihe 
laws of thermodynamics, the re- 
storing force due to the spring effect 
of the volume V of gas in the flask can 
be shown to be: 


“Vane SS: a 


Here P, = average abs. pressure 

y = ratio of specific heats and ex- 
ponent for adiabatic compression; 
consideration should be given to any 
effect of super-compressibility. 

x = displacement of the plug of gas. 


Then in terms of the volume cur- 
rent I, or particle velocity times 
area, the usual form of Newton’s Law 
or Eq. 1 can be rewritten as: 


— di pao lat =o | . (4) 


ieee of Equations 1, 2, and 
4 shows the same general form if the 
meaning of the symbols is changed. 
This condition is termed analogous. 
(Thus, mx — b = 4 and ny —c=6 
are of the same form, linear equations, 
and might describe analogous condi- 
tions, but x® — bx? — cx = 4 would 
be an entirely different form of equa- 
tion.) 





Acoustical and Electrical Values 
Comparison of Equations 2 and 4 
indicates that certain acoustical prop- 
erties, determined by the average 
properties of the gas and the dimen- 
sions, may be combined to give the 
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equivalents of inductance and capaci- 
tance. 


Acoustical Impedance L, = te (5) 


Acoustical Capacitance C, = 7 = 
oY 
: 16) 
The nestioaine mains caleulator 
used had inductive reactance units cal- 
ibrated directly in terms of the induc- 
tive reactance X,. for the calculator 
frequency, f, = 440 cycles per second. 
Then for a given acoustical case the 
base acoustical frequency correspond- 
ing to that calculator frequency is mN, 
or the number of the harmonic whose 
vector diagrams shows a maximum 
addition of the harmonics of the indi- 
vidual cylinders times the desired hase 
engine or compressor speed. 


Inductive Reactance X. = 


2 : Pol 
P.-E mN A 


It will be recalled that the scale fac- 
tor F, can be chosen at will. Integral 
values between one and ten were 
found convenient for all cases studied. 

The capacitors were calibrated in 
microfarads, so: 


Calculator Capacitance C,. = 


(7) 
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Wuen a new pipe line is under ac- 
tive consideration, several difficult 
factors present themselves for ap- 
praisal before the particular line de- 
sign can get under way at all. They 
include the estimation of the peak 
production from the area, the estima- 
tion of the demand from the new area 
into the various refinery and con- 
sumer sections tributary to it, the 
estimation of the proportion of the 
total production that will move in the 
direction under consideration for the 
new line, and finally the estimation of 
what part of this movement the pro- 
posed line will be called upon to trans- 
port. 


What size of line to lay into the new 
area then comes into the picture and 
this is always a difficult decision to 
make. The cost of oil transportation 
by pipe line decreases greatly with 
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Economic Sizing of Oil Pipe Lines 


F. C. WHITESIDET 


increased volume. The most economi- 
cal line would therefore be the one 
just adequate to carry the peak 
throughput from fully developed pro- 
duction. Inadequate lines result in 
wasteful additions to the original 
plant as subsequent development oc- 
curs. 


On the other hand the forecasters 
of the reserves in new discoveries are 
forced to limit their estimation of the 
producing area practically to proved 
acreage. Still. early in the develop- 
ment period, pipe line outlets have to 
be provided so that appropriation of 
funds for laying them partakes of the 
nature of appropriation of funds for 
the original exploratory expenditures 
and for leasing. That is, appropria- 
tions will be made that are based partly 
on faith in the area. There is some 
more basis than for the exploration 
costs in that oil will have already been 
discovered, but the volume of produc- 
tion for which transportation should 
be provided will not usually be defined 
for several years. With the best of 
planning, this is always a serious 
problem and requires the best appli- 
cation of business foresight. The 
seriousness of this situation can be 
emphasized when it is pointed out 
that practically every pipe line sys- 
tem of any extent built prior to the 
war was built too small. How this 
came to be can be understood by a 
retrospective glance. 


In the early days of the oil busi- 
ness the unrestricted volumes from 
producing fields forced the feverish 
construction of pipe line outlets with- 
out adequate foresight in their plan- 
ning. The high cost of overland trans- 
portation of oil by any means other 
than pipe lines made the pipe line rates 
of even such inadequately planned 
projects look cheap in comparison. 
The cheap appearing rates that still 
resulted in attractive profits provided 
inadequate economic compulsion for 
long range managerial planning. 
Whatever installations were built in 
most cases paid out all right, and it is 
unusual for owners to apply critical 
interest toward how an enterprise is 
designed and run when this enterprise 
is paying satisfactory dividends. 


By far the greatest part of a pipe 
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line system investment is in the lines 
themselves. In view of this and the 
natural difficulty in appraisal of the 
throughput from a new area at the 
start, and of the absence of economic 
compulsion to develop the basics of 
pipe line economics, it is easy to see 
why lines were practically always 
laid too small. This resulted in sta- 
tion spacings that were too close, op- 
erating costs that were too high, and 
subsequent wasteful loopings of the 
pipe line system as development 
progressed. 


Trends long prevalent in the pipe 
line industry are now effecting a 
vigorous economic squeeze upon the 
transportation companies. Improve- 
ment in design and operating prac- 
tices in some companies has injected 
heavier competition into the rivalry 
between lines transporting oil in the 
same general direction, which has 
driven tariffs downward just as per- 
sistently as wages and material costs 
have been rising. The most efficient 
pipe line system with the longest hauls 
and largest throughputs naturally have 
the lowest operating cost per barrel 


FIG. 1. Tariff required for 12-in. line. 
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requirements. ommendations and quotations without obligation. 
g 
’ b 
Pp. O. Box 5146 e¢ DALLAS, TEXAS © Phone Prospect 7-2441 = 
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mile. It is easy to see that pipe line 
systems in the same general service 
must meet the competition of the most 
eficient line. 


Oil service in general the country 
over has been provided without radi- 
cal variations in prices so that trans- 
portation costs anywhere will be af- 
fected by improvements anywhere 
else. 

There are many papers that have 
appeared in recent years regarding 
trends in pipe line design. A great 
proportion of these articles describe 
the tendencies toward larger pipe 
diameters, thinner walls, higher ten- 
sile strength steel, higher operating 
pressures, longer station spacing, more 
effective and efficient pipe coatings. 
cathodic protection, etc. 


To a lesser extent, papers have ap- 
peared that deal with improvements 
in station design. Pump and engine 
speeds are being increased, which al- 
lows the same output to be handled 
with lighter and cheaper equipment. 
The few large cylinders on the older 
type pumps are giving way to a greater 
number of smaller cylinders designed 
to give more even flow. Where oil vis- 
cosities permit it, the use of centrifu- 
gal pumps is coming into greater 
favor, which gives more freedom 
from surges. 

With the practices in design in such 
a state of flux, it will be seen that 
settling upon an estimate of the ex- 
pected throughput leaves many engi- 
neering investigations desirable in 
order to assemble cost figures for the 
optimum plant for the required serv- 
Ice. 
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FIG. 2. Optimum pressure for 7 per cent return. 
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The economics and design of the 
line will be concerned with: 


L, 
2. 
3 


The length of the line. 

The size of the pipe. 

The minimum wall thickness 
at the low pressure end. 

The tensile strength character- 
istics of the steel. 

The safety factor to which the 
steel is stressed. 

The price of pipe and equip- 
ment on location and the cost 
of construction. 

Operating pressures. 

Station spacing. 

Volume of throughput. 
Gravity of the oil. 

Viscosity of the oil. 


12. Temperatures encountered- 
averages and extremes. 

13. Elevations along the line. 

14. Operating practices and costs 
involved. 

15. Desirable rate of return on in- 


vestment. 


The number of factors is so great 
and their inteérrelationship so compli- 
cated that full generalization of pipe 
line estimation data has always eluded 
complete acomplishment. The squeeze 
occasioned by falling tariff rates and 
rising costs dictates that complete 
economic evaluations be made. In the 
old days a rule of thumb said that an 


8-in. 


line was a 20,000 bbl per day 


line and stations should be 30 to 35 
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FIG. 3. Optimum pressure for varying 


return on investment 12-in. system. 
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FIG. 4. Tariff required for 12-in. line 
at optimum pressure, 1200 psi. 
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miles apart. Recent improvements in 
materials, design practices, and op- 
erating procedures mentioned previ- 
ously have upset the old customs, but 
uniformity has not emerged. 


This paper proposes a method for 
presenting the general pipe line prob- 
lem in such a way that many elements 
of a problem may be roughly esti- 
mated even while sitting at the con- 
ference table without the delay neces- 
sary to build the estimates up from 
the ground. It will also demonstrate 
many fundamentals in pipe line eco- 
nomics as of today which should 
bracket the line size within narrower 
limits, thereby reducing the number 
of proposals necessary to be worked 
out in complete detail. 


Since all lengths of line, all sizes of 
pipe, operating pressures, etc., can- 
not be covered completely, the man- 
ner in which each was provided for 
is outlined below: 

1. The length of the line was fixed 
at 1000 miles so that figures would be 
fairly applicable to any length except 
the very short, which always is a spe- 
cial case. 

2. All sizes of pipe were covered 
from 8 in. to 30 in. inclusive. 

3. Most recent construction prac- 
tice, which calls for pipe walls tele- 
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FIG. 5. Tariff required to earn 7 per cent net return on investment 


scoped to 14 in. thickness on the re- 
ceiving end, was followed. 

4. API-5LX46 is considered prefer- 
able as no instances were discoverable 
of difficulties in welding it and the 
prices for this steel, having a yield 


point of 46,000 psi, are not greatly 
different from those required for the 
older Grade B at 35,000 psi yield. 

5. The practice with respect to the 
safety factor to which the steel is 
stressed varies widely. The ASA Code 


FIG. 6. Total system investment, selected line size, and station spacing. 
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cent of the yield point. This has been 
used successfully in smaller lines. Most 
companies laying larger lines use 
something like 05 per cent of the 
yield. ‘his study uses 85 per cent for 
Grade B, which also corresponds to 
65 per cent for X-46 steel, so that 
these figures may he considered ap- 
plicable to both these two conditions. 

6. Pipe prices, freight, and con- 
struction costs were based on Okla- 
homa or nearby Mid-Continent areas 
as of June, 1448. Steel and freight 
have advanced about 10 per cent since 
then. Estimates of construction costs 
used have proved to be a little higher 
than actual jobs constructed since 
then so that the total costs in place 
should be just about right for the 
present time. 


7. Operating pressures posed a par- 
ticularly dithcult job. By varying just 
the line size, operating pressure, and 
station spacing alone an infinite num- 
ber of combinations would result. One 
of the three had to be fixed so that the 
relationship between the other two 
could be examined as the throughput 
varied. Obviously, neither line size nor 
station spacing could be fixed. If a 
way could be devised to show that an 
optimum pressure existed for each line 
size then that pressure could be used 
throughout for that line size. 


The measure on which to base the 
optimum pressure determination is an 
interesting concept. The lowest op- 
erating cost will not measure it since 
this would ignore the excessive invest- 
ment that might be required. The low- 
est investment would not indicate the 
optimum pressure since operating cost 
would be excessive in the cheapest 
system it was possible to build. ‘The 
optimum pressure would set up a rea- 
sonable balance between the invest- 
ment dollar and the operating dollar 
for the owner and deliver the trans- 
portation service to the public at the 
cheapest tariff rate. The fair return on 
the investment was selected as 7 per 
cent, which would give a payout of 
approximately 15 years. . 


Various pressures were then selected 
for each size of line and the tariff re- 
quired to earn 7 per cent was cal- 
culated as the throughput was varied 
by varying the station spacing. These 
results were plotted on a graph for 
each size and the tariff line that dipped 
the lowest indicated the pressure that 
was optimum for that size of pipe. 


Fig. I is a sample curve for this de- 
lermination showing three pressure 
lines for 12-in. pipe. Although it was 
found that an optimum pressure did 
exist for all sizes above 8 in., it was 
hot sharply defined and considerable 
latitu'e on either side could be al- 
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FIG. 7. Total operating costs. 


lowed, with only a little variation in 
the tariff rate. Fig. 2 shows the opti- 
mum pressure for all the sizes. It will 
be noted that the optimum pressure 
for 8 in. was not indicated by the 
method. It proved to be too high for 
use with present pumping equipment. 


It was discovered that with no re- 
turn to the owner (operating cost 
only) the optimum operating pressure 
increased apparently without limit 
with all sizes because the condition 
that the owners should get a fair re- 
turn on investment was removed. This 
led to speculation as to the behavior of 


return to the owners might increase 
shortening the payout period below 
the 15 years corresponding to 7 per 
cent as would sometimes be the case. 
This was calculated for 12-in. pipe out 
to 100 per cent return in one year. 
The results are plotted in Fig. 3. It will 
be seen that the optimum pressure 
drops from 1200 psi at 7 per cent re- 
turn to 1000 psi at 100 per cent return. 
8. Station spacing was varied as 
required to provide the throughput at 
the optimum pressure for each size as 
explained immediately above. 


9. As the throughput is the basic 








the optimum pressure as the rate of | variable it was allowed to vary 
FIG. 8.. Manner of determining line size. 
Example: DETERMINATION OF THE PROPER LINE SIZE FOR A 110,000 
BPO THRU-PUT OF 60 SUS CRUDE 
OPERATING COST 
INVESTMENT ¢/ BBL $/ YEAR SAVINGS AFTER PAYOUT 
FROM FIG. | | X (YEARS) 
18" § 34,900,000 8.6  § 3,453,000 
20° 36,800,000 7.6 3,051,000 
Difference $1,900,000 1.0 $402,000  $ 241,000 7.9 
20" $ 36,800,000 7.6  § 3,051,000 
22" 39,600,000 7.2 2,891,000 
Difference § 2,800,000 0.4 $160,000 § 96,000 29 





SINCE THE 20" PAYS OUT IN 7.9 YEARS OVER THE 18" AND THE 
22" REQUIRES 29 YEARS TO PAY 
20° LINE IS CONSIDERED TO BE THE APPLICABLE SIZE. 


OUT OVER THE 20", THE . 








throughout the range required to en- 
compass the 8-in. to 30-in. pipe sizes. 

10. Gravity of oil was fixed at a 
representative median level, 35 deg 
API. 

ll. An average viscosity for the 
Mid-Continent area, 60 SUS, was used 
because of the impossibility of cover- 
ing the ranges encountered in this im- 
portant factor. Because it affects the 
problem greatly, two other sets of data 
were calculated, :at 150 SUS and at 
240 SUS. The effect of viscosity on 
the tariff of a 12-in. line at 7 per cent 
return and optimum pressure is shown 
in Fig. 4. Similar tariff lines for all 
sizes were plotted on a continuous 
throughput base to give the rates that 
could be expected for any quantity 
read at a glance, Fig. 5. 

12. Design conditions were con- 
sidered to be those found in Oklahoma 
and vicinity. 

13. Elevation differences alone can 
present an unlimited number of con- 
ditions so that this study was forced 
to ignore its effect and consider the 
line profile as level. 

14. Operating practices considered 
the crew as one man on duty at a time 
until the station size became such that 
more than two 1200-hp units were re- 
quired to be operating to handle the 
throughput. 

15. As explained under optimum 
pressure determination, 7 per cent was 
considered a fair rate of return on 
investment. 

With these modifications of basic 
factors it was possible to present 
graphically the relationship between 


e 
o 
| 











N\ 








INVESTMENT - MILLIONS OF DOLLARS 


22: 























600 800 1000 1200 1400 1600 
WORKING PRESSURE - PSI 





LINE 


FIG. 9. Line investment for 12-in line. 


line size, station spacing, and through- 
put at the 7 per cent rate of return. 
Also can :be shown which line size 
would be applicable with other rates 
of return corresponding to payout 
periods up to 20 years, Fig. 6. 


The operating costs for the various 
systems can be plotted on a continu- 
ous throughput base in the same man- 
ner as the tariffs were shown, Fig. 7. 
The manner in which the appropriate 
line size for a particular quantity is 
established is shown in Fig. 8 from 
readings shown in the examples 
shown, Fig. 6 and 7. An interesting 
relationship with respect to minimum 
pipe wall thickness is illustrated in 
Fig. 9. The optimum pressure occurs 
only a little. above the working pres- 
sure of the minimum wall thickness 
and the investment bears sharply up- 
ward at this point. 


The demonstration of the existence 


and magnitude of optimum pres:.:ire js 
one of the interesting developmeiits jn 
this study. It will be seen that th size 
of line that should be emplo: ed ig 
larger. than used in most earlicr ip. 
stallations and larger than in some of 
the recent ones. It is also interesting 
that as volumes increase, a larger size 
line becomes more economical before 
the minimum tariff is reached for the 
preceding smaller size. 


This system Of analysis can be made 
use of by any organization using their 
local conditions to develop the data, 
It is thought that the relationship be. 
tween throughput and line size may 
not change very greatly as prices 
fluctuate since construction and op.- 
eration costs should move in the same 
direction and in fairly comparable in- 
crements. 

Most pipe line economics problems 
presenting themselves to a company 
that is a going concern will involve ex- 
tension to or retirements from existing 
systems. This-study will be of value 
here in visualizing the size of line to 
examine and the examination will be 
on what has come to be called an in- 
cremental basis. The cost of changes 
in plant will be balanced against what 
changes are caused in operating cost 
and in revenue. 
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Technical Factors in Testing Pipe Line Coatings” 
D. E. STEARNS*, M. W. BELSON?, and ROBERT H. LEE 


Y ears of work and experience with 
pipe line coatings have greatly im- 
proved their protective value; how- 
ever, despite improvements in ma- 
terials, machines, and techniques of 
application, the holiday continues to 
occur. Pipe line coating material must 
resist penetration by moisture, and 
must be electrically non-conductive in 
order to prevent flow of current -be- 
tween the pipe and the earth. The ma- 
terial, therefore, must be a dielectric, 
and its protective value is a function 
of its merit as a dielectric. 


The minimum voltage at which ade- 


quate Mspection may be made is de- 
termined by the mechanics of applying 
the coating, and by the thickness. 
The minimum inspection voltage 
should be that which will jump an air 
path equal to the distance through the 
*Excerpt from paper presented before Na- 
tional Association of Corrosion Engineers, Cin- 


cinnati, Ohio, April 11-14, 1949. 
*D. E. Stearns Company. 


D-8 


thickest section of the coating. A volt- 
age impressed across an insulating 
wrap consisting of several different 
materials will divide itself across each 
layer as a function of the thickness of 
each layer, and in inverse proportion 
to the dielectric constant of the ma- 
terial. Air has a dielectric constant of 
approximately 1. Coal tar enamel has 
a dielectric constant of about 2. Thus, 
if 3000 volts be impressed across 
14 in. of air and 1 in. of enamel, the 
voltage will be divided between the air 
and the enamel in a 2 to 1 ratio, with 
2000 volts impressed on the air gap 
and 1000 volts on the enamel: In this 
instance the 14-in. air gap is sufficient 


. to withstand the full 3000 volts with- 


out sparkover. Thus a proper test 
would not be applied to the coating. 
The voltage must be high enough to 
bridge any air gaps, such as small de- 
pressions or bubbles in the coating 
would represent, so that the full test- 


ing voltage is impressed across the 
material on which the test is desired. 
A voltage wave having a crest value 
of 10,000 volts will jump an air gap 
of 5/32 in. between suitable spheres. 
This same voltage will jump over 
three times this distance between 
needle points. Since commercially 
used electrodes have sharp edges or 
points, and the diameter of the wire 
in the electrode is small compared to 
the gap between electrode and pipe, 
and since, further, the pipe itself is 
rough, the sparkover distance between 
electrode and pipe is between that 
with needles and with spheres. Thus. 
on pipe coatings having a maximum 
spacing between pipe and electrode of 
5/32 in., a minimum test voltage of 
10,000 érest volts is satisfactory from 
the distance standpoint. By a similar 
reasoning, a minimum test voltage of 
30,000 is required to inspect coatings 
that may be up to 1% in. thick. % * * 
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Automatic Operation of Diesel Stations 


S. S. SMITH* 


T re most significant change that has 
occurred in pipe line practice within 
the last few years is the transition from 
float tank operation to closed line op- 
eration. In float tank operation each 
station and its downstream line op- 
erates more or less as a separate sys- 
lem, increasing or reducing its 
throughput to match the accumulation 
or shrinkage of the stock in the float 
tank. Until a few years ago this sort 
of operation was current on the 
majority of crude lines. 

With the advent of products pipe 
lines and the increasing necessity for 
segregation of special crudes for bet- 
ter refinery operation the closed line 
type of operation has become more 
prevalent. In this operation the whole 
line operates as a unit, all stations and 
sections of the line pumping at the 
same rate except where streams are 
added or withdrawn from the lines at 
gathering tank farms or terminal tank 
farms and, unless flows at each station 
are regulated automatically, it is diffi- 
cult to maintain maximum rates or on 
the other hand control occasional ex- 
cessive pressures, The minimum re- 
quirement for control in such a line is 
that each station be regulated auto- 
matically to maintain its suction pres- 
sure as low as is consistent with the 
type of pumping unit installed. 

As demand for volume of products 
has increased and as the number of 
different types of products handled in 
pipe lines has also increased it has be- 
come more and more important to 
maintain completely automatic opera- 
tion for reason of protection of speci- 
fication of product, of maintenance of 
pipe line throughput, to guard against 
excessive and perhaps destructive 
pressures, and to maintain minimum 
pressures or packes when for one rea- 
son or another shutdowns are neces- 
sary. The purpose here is to describe 
complete automatic control of diesel- 
powered stations which have protec- 
tion against every untoward happen- 
ing and have been tested in operation 
sufficiently to prove their reliability 
and practicability. These units are in 
continuous service on an 8-in. line 
250 miles long, partially looped, with 


*Presented before the Petroleum Mechanical 
Engine-ring Conference of The American Soci- 
ety of Mechanical Engineers, Amarillo, Texas, 
under the title, “Automatic Operation of Diesel 
line Pumping Stations,” October 3-6, 
Mai iger, Products Pipe Line Department, 
Shell 07) Company, Inc. 
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a capacity of approximately 33,000 
bbl a day on mixed products and with 
five stations between the original sta- 
tion and the terminal point. 

The stations proper consist of 810- 
hp, 6-cylinder American Locomotive 
Company diesel engines, running up 
to 650 rpm connected to Farrell-Bir- 
mingham 1:6 ratio step-up gears and 
Byron Jackson 6-stage centrifugal 
pumps equipped with lubricated dou- 
ble mechanical seals. The require- 
ments in design of these stations were: 

1. The station should start auto- 
matically and operate through a pre- 
determined warm-up period before 
picking up a maximum load. 

2. The load pick-up should be grad- 
ual so as not to upset upstream or 
downstream station controls. 


3. When on the line and after the 
warm-up and pick-up period, the sta- 
tion should function at line rate with 
a minimum ‘suction pressure of ap- 
proximately 50 psi and a maximum 
discharge pressure of 1000 psig. 

4. If mechanical trouble developed 
at the pump seals releasing vapor in 
the engine room, if bearings over- 
heated in the pump, gear or engine, if 
the engine overheated or the bearings 
failed in the engine, the station should 
shut down automatically. 

The primary basis for operation or 
non-operation of each station is taken 
to be the operating pressure of the pipe 
line through the station, which is a 
relatively accurate flow index and rep- 
resents better than anything else the 
operating conditions on the line. With 


FIG. 1. Schematic diagram of pilot controls for hydraulic suction valve. 


DISCHARGE PILOT—On station start valve opens as 
pump discharge pressure rises to 550 |b admitting fluid 
from the line to maintain pressure on hydraulic suc- 
tion valve cylinder through the stem port of the suction 
pilot. On station shutdown, as discharge pressure low- 
ers, valve closes and port to hollow-stem opens to 
sump, relieving pressure in cylinder and permitting 
hydraulic suction valve to close under the action of the 
counterweight. 


DISCHARGE 
PRESSURE 











SUCTION PILOT—On station start valve opens at 450- 
Ib line pressure to admif fluid to hydraulic suction 
valve cylinder. Side port closed to discharge pilot. As 
pump comes on and suction pressure is lowered to 50 
lb, valve closes and port to hollow-stem opens to main 
tain pressure in cylinder from discharge pilot. 


SUCTION 
PRESSURE 
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SUCTION PRESSURE CONTROLLER 
Controls engine speed, through 
governor, to maintain suction 
_pressure at 50 Ib. 


FIG. 2. Schematic diagram of variable speed diesel stations. 


L DISCHARGE PRESSURE CONTROLLER. 
Controls engine speed, through 
governor, to maintain discharge 


pressure at 1000 lb. 
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LEGEND 


Product > 
Water 


enoid to admit air to engine and con- 


trols. 
Fluid control line 


Operating switch 
Emergency 
shutdown switch @ 


. Fuel oil pressure switch closes at 29 
Ib during starting cycle to shut down 
B. & A. pump and close starting air 
valve. Starts B. & A. pump on station 
shutdown. 








INCOMING 


. Low suction emergency shutdown, 
propane, 200 Ib. 


. Low suction emergency shutdown, 15 


Running switch. Closes at 450 Ib to 
energize electrical control circuit. 
Actuated from hydraulic cylinder by 
opening of suction valve. Opens at 
435 |b on station shutdown. 


Hold-in switch. Parallels starting 
switch. Controlled from hydraulic cyl- 
inder and acts through timing relay in 
control circuit on drop in line pressure 


to hold station operative until line 
conditions are re-established. 


. Low pressure shutdown, 25 Ib. 


4. Low pressure shutdown, propane, 250 


Ib. 


5. High pressure shutdown, 1050 Ib. 
6. Pump bearing temperature. 


. Pump gland temperature. 


Ib. 


. Pump gland temperature. 
. Pump gland temperature. 
. Pump bearing temperature. 
. Gear bearing temperature. 


. Lube oil pressure switch, in starting 


circuit. Closes at 15 Ib energizing sol- 


i6. Lube oil temperature switch. Controls 


B. & A. pump until lube oil temperc- 
ture drops to 140° on station shut- 
down. 


. Engine bearing oil pressure. 
. Jacket water temperature. 


. Air pressure switch. Delays engine 
start if air pressure is below 100 |b. 


comprehension of the requirements, 
the design of the station follows in or- 
der and the basic flow through the sta- 
tion is shown diagrammatically in Fig. 
|, which neglects details such as 
scraper traps and main block valves. 

Referring to this diagram, the flow 
into the station comes in through the 
station suction line and if the station 
is not operating goes through the sta- 
tion bypass and out through the sta- 
tion discharge line. As pressure rises 
in the station discharge line with the 
station not pumping, line pressure is 
admitted to both the suction and dis- 
charge pressure pilots, which are set 
at pressures that correspond to the 
hydraulic characteristics of the section 
of line that the individual station 
serves. For convenience of discussion 
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definite pressures are shown on the 
various valves’ settings, but it will be 
understood that these are varied as 
the operating characteristics of the 
line dictate, and it is only for con- 
venience of description that specific 
pressures are assigned. As the line 
pressure rises to 450 psi the suction 
pilot opens admitting high pressure 
fluid from the station discharge line 
through the opened valve to the cyl- 
inder of the hydraulic suction valve. 
This drives the piston and piston rod 
across the quadrant of the suction 
valve, lifting the counterweight and 
opening the valve. The opening of the 
suction valve pressures the station and 
connects it to the line ready for opera- 
tion. Other control circuits are in- 
volved in this operation but for the 


moment assuming the station becomes 
operative, pressures on the suction side 
will decrease and on the discharge side 
will increase. As they decrease on the 
suction side the suction pressure pilot 
closes and opens the upper valve 
through the side port into the dis- 
charge pressure pilot, which has open- 
ed as the discharge pressure of the sta- 
tion rises. 

In this manner, after the station be- 
comes operative the running or shut- 
down control is transferred from the 
suction pressure pilot to the discharge 
pressure pilot, and any time the dis- 
charge pressure falls below 55) psi 
this pilot closes, opens its upper side 
port and drains liquid from the hy- 
draulic suction valve cylinder, permit- 
ting the counterweight to close the 
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valve, thus isolating the station from 
the line. The purpose of this dual pilot 
setup is to permit the station to come 
on the line at pressures that can be at- 
tained by upstream pumping stations 
and to hold the station on the line until 
the discharge pressure has been pulled 
down to a point where the station 
should go off the line. The dual ar- 
rangement of the pilots permits the 
starting and shut-down pressure points 
to be independently adjusted and 
avoids any difficulty due to lag in the 
pilots requiring that the line pressures 
be pulled lower than starting pressures 
in order to stop the station. 


Station Control 


When the suction valve is open and 
the piston is at maximum travel out- 
ward in the hydraulic cylinder, a port 
is uncovered, which admits high pres- 
sure line fluid to two Mercoid switches, 
designated by their functional names 
of running switch and the hold-in 
switch. 


Now refer to Fig. 2, which is a 
schematic diagram on the whole sta- 
tion and control circuit. When the 
running switch closes by admission 
of fluid from the suction valve cyl- 
inder a circuit is energized to operate 
the B and A pump, which pumps lu- 
bricating oil from the engine base 
through the lube oil coolers and 
through thermostatic controlled heat- 
ers to circulate warmed oil through 
the engine before the engine starts. 
As the B and A pump operates and 
builds pressure in the engine lube oil 
circuit, it actuates Mercoid No. 14, 
which is a lube oil pressure switch, 
and this switch closes to energize a 
solenoid valve to admit starting air 
to engine. The engine now turns over 
under starting air until it dieselizes 


and picks up ‘speed, resulting in an 
increase of fuel oil pressure from the 
fuel oil pump on the engine, which in 
turn opens the circuit to shut down 
the B and A pump, closes the start- 
ing air valve, and admits reduced 
pressure air to the engine controllers. 

At this stage in the starting cycle 
the engine is rolling at idle speed, and 
the main pump is creating about 200- 
psi differential, pulling down the suc- 
tion pressure by about 100 psi and 
increasing the discharge pressure in 
like amount. This affects the previous- 
ly mentioned transition of master con- 
trol from the suction pilot to the dis- 
charge pilot. Now, as per previous 
statement, it is desired to operate the 
engine for a short warm-up period 
before picking up full speed and get- 
ting the station completely on the line. 
All the line throughput is now going 
through the pump, the engine is very 
lightly loaded at about 100 hp and is 
turning over about 250 rpm. 

Air is admitted to the two air con- 
trollers, whose controlled pressure 
builds up slowly in the timing tank 
and the balance tank, and this pres- 
sure rises through about a 5 min pe- 
riod to approximately 10 psi. From 
this pressure point on, the air being 
admitted to the governor mechanism 
gradually picks up the speed of the 
engine until either maximum speed or 
controlled conditions on the line are 
arrived at somewhere around 20-psi 
air pressure on the governor. The gov- 
ernor mechanism is shown in some- 
what deleted fashion in Fig. 3, which 
is an overly simplified diagram of 
the Woodard speed governor, which 
handles the idle speed, the maximum 
speed, and any intermediate control 
speed as directed by the air control- 
lers by hydraulically controlling the 


FIG. 3. Schematic diagram of governor. 
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fuel pump rack on the Alco diesel. 
This governor incorporates compen- 
sating principle and provides stable 
governed speed on the engine through 
normal changes of controlled speed 
and should require no further de- 
scription in this discussion. 


Referring back now to Fig. 2, it 
will be noted that the discharge and 
suction pressure controllers are con- 
nected in series so that either one may 
reduce air pressure to the governor 
and slow the engine. These are set 
respectively at 1000-psi discharge 
pressure and at 50-psi suction pres- 
sure. They are simple proportional 
air controllers, single compensated, 
manufactured by Mason Neilan and 
equipped with restriction coil and bal- 
ance tank to reduce the speed of their 
operation to the requirements of nor- 
mally slowly changing pressures in the 
pipe line system. 

In this running description of the 
sequence the point is now reached 
where the station is on the line under 
full control, operating with suction 
pressure of 50 psi and sufficient dis- 
charge pressure to pump all the arriv- 
ing fluid to the next station, or at a 
discharge pressure of 1000 psi and 
sufficient suction pressure to slow 
down the incoming line to the rate the 
station can pump to the next down- 
stream station. At this point in the 
operation the engine is generating 
heat to its cooling system and as the 
water temperature rises the automatic 
thermostatic controlled bypass closes, 
directing the cooling water stream 
through the air-cooled heat exchang- 
ers. With a temperature rise to 140 F 
the first cooler is thermostatic con- 
trolled to operate its motor-driven fan, 
and with further increases in tempera- 
ture to 150 F and then to 160 F, the 
second and third cooler fans also 
thermostatically start and operate. A 
separate cooling water system circu- 
lates water over the gear and pump, 
the motor circuit for this air-cooled 
heat exchanger being energized by the 
main operating circuit of the station. 

By reference to Fig. 4 it will be 
seen that any high bearing tempera- 
ture, gland temperature, or pump case 
temperature can interrupt the running 
circuit of the station and shut down 
the engine and pump, as can also un- 
duly low pressures on the suction side 
of the station or high pressures on the 
discharge side of the station. Here it 
is to be noted, too, that separate pres- 
sure switches are provided to take 
care of the high pressures required 
when pumping propane through these 
stations, at which time pressures can 
not be allowed to fall to vaporization 
points of the liquid propane at its 
pumping temperature. 
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Conventional practice in the past 
has been to separate diesel engines 
from inflammable liquid pumping 
units by fire walls or other means of 
assuring vapor-free engine rooms. In 
these diesel stations a different ap- 
proach has been made to this problem. 
The 6-stage Byron Jackson pumps are 
equipped with double mechanical 
seals with first stage pressures ap- 
plied to balance tanks containing lube 
oil that feed to the space between the 
dual seals. In normal operation any 
external leakage through the outer 
seal is lubricating oil, and any leak- 
age through the internal seal is lu- 
bricating oil from the inner seal space 
to the product contained in the pump. 
\s an additional safeguard against 
vapor leakage into the engine room a 
gas analyzer is run continuously, an- 
alyzing air drawn from a point im- 
mediately adjacent to each seal; thus 
if a vapor concentration does develop 
at this point the gas analyzer immedi- 
ately detects it and operates a relay in 
the running circuit to shut down the 
station. By these dual safety measures 
the engine rooms are made safe for 
operation of diesels and pumps in the 
same room, resulting in operating 
and maintenance convenience and in 
considerable saving of space and con- 
struction costs. 


Shut-Down Sequence 


Normally, these stations operate 
continuously at close to maximum 
capacity. However, at regular periods 
when products pumped through the 
line indicate that throughputs may be 
reduced, stations are shut down, in- 
spected, and any necessary repairs or 
adjustments are made. 


The shut-down sequence is approxi- 
mately the reverse of the starting se- 
quence. When throughputs in the line 
are reduced the discharge pressures 
at all stations fall, accordingly, and 
when the pumping pressure at the sta- 
tion falls to the pressure at which the 
discharge pilot is set (Fig. 1), this 
valve opens its upper port to sump and 
fluid flows from the hydraulic suction 
valve cylinder, permitting the coun- 
terweighted suction valve to close. As 
the piston in the cylinder travels to- 
ward the closed position, the ports to 
the running switch and the hold-in 
switch are opened and the liquid pres- 
sure in the switches drains to sump. 
\s these running switches open they 
also open the main running circuit in 
the control board, and the control air 
is cut off of the governor, thereby 
stopping the fuel to the engine, conse- 
quently stopping the engine. As the 
fuel oil pressure at the engine drops 
to 20 psi the B and A lube pump is 
again started to circulate oil until the 
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FIG. 4. Electric ‘diagram of variable speed diesel stations. 
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3. Low pressure shutdown, 25 Ib. 8. Low suction emergency shut- 13. Gear bearing temperature. 


4. Low pressure shutdown, pro- 


pane, 250 Ib. 9. Low suction emergency shut- 15 
down, 15 Ib. 


5. High pressure shutdown, 1050 


down, propane 200 Ib. 


14. Lube oil pressure switch. 
. Fuel oil pressure switch. 


16. Lube oil temperature switch. 


Ib. 10. Pump case temperature. 17. Engine bearing watchdes. 
6. Pump bearing temperature. 11. Pump gland temperature. 18. Jacket water temperature. 
7. Pump gland temperature. 12. Pump bearing temperature. 19. Air pressure switch. 


engine has cooled to 140 F, at which 
time the B and A pump shuts down 
and the station is completely inopera- 
tive. In the meantime, as the engine 
is stopping, the electric circuits to the 
engine water heat exchangers and the 
gear and pump cooling water heat ex- 
changers have been opened, and the 
fans of these coolers have stopped. 
Also, as the air was cut off to the en- 
gine governor it was also cut off to the 
air controllers, and the air contained 
in the time tank that gave the delayed 
circuit is reset for the next start. 

If instead of the normal stop, which 
has just been described, there occurs 
an emergency in the station such as a 
hot bearing or any other untoward in- 
cident, the pressure or temperature 
switch which is affected immediately 
opens and the whole stop sequence is 
immediately initiated. In this case the 
line pressure will fall because the 
pump is no longer on the line, and 
again when the line pressure comes 
down to the set point of the discharge 
pressure pilot, this pilot will open and 
the main suction valve will close, iso- 
lating the station from the line. In all 
cases of automatic shutdown the sta- 
tion is isolated on the discharge side 
by asingle-seated, piston-guided check 
valve. 
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Summary 


This description of the diesel sta- 
tions, although obviously condensed 
and omitting a number of items of 
control, delineates the methods used 
to accomplish the four major objec- 
tives. The automatic station start Is 
accomplished through the suction 
valve and its associated electric con- 
trols, and the automatic warm-up 
period is obtained by the delayed ac- 
tion of the air controls. The objective 
of operation control after the stations 
are on the line is accomplished by the 
dual air controls and hydraulic gov- 
ernor setup, and these functions are 
consummated with very close accuracy 
without surging or hunting. The 
fourth objective of stoppage of the 
stations in case of mechanical trouble 
is accomplished by the bearing watch- 
dogs and their associated electric con- 
trols, the temperature and pressure 
Mercoids, which function in case of 
any uncontrolled temperature or pres- 
sure, and the continuous analysis of 
vapor content of samples taken at the 
pump seals that, in conjunction with 
the automatic shut-down features, pre- 
vent the stations’ operation in case of 
any seal failure or liquid or vapor 
leaks at the pump. ka 
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Abstract 


This paper is a description of a 
chart used for determining and show- 
ing the location of the various grades 
of petroleum products that move 
through a pipe line system that regu- 
larly transports 13 grades and brands 
of products from refineries in Phila- 
delphia to sales terminals throughout 
Pennsylvania, New York, and Ohio. 
al It is also an explanation of the ways 
in which a graphic method is used to 
control and aid dispatching operations 
in general. 
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In the period immediately following 
. World War II and the return of the 
Keystone Pipe Line and Buffalo Pipe 
Line systems to the normal distribu- 
tion of petroleum products from re- 
fineries located in the Philadelphia 
area to terminals throughout Penn- 


*Presented before the Annual Meeting of 
the American Petroleum Institute, Chicago, 
Illinois, November 8, 1948. 

Keystone Pipe Line Company, Philadelphia, 
Pennsylvania. 


Graphic Method for Dispatching Operation 
: ~ Qn a Products Pipe Line System® 


ALLEN BAXTER? 


sylvania, New York, and Ohio, these 
systems shared the industrywide con- 
dition of greatly increased demands 
upon facilities that had remained un- 
changed since before the national 
emergency (Fig. 1). 


The volume of products tendered 
by shippers soon approximated what 
it would have been had there been no 
war and normal annual sales increases 
had continued through the war years. 
The pipe line system—including 
pumping stations, trunk lines, and de- 
livery facilities—of course, was loaded 
to capacity, and more, before new 
equipment could be obtained and in- 
stalled. The solution of this through- 
put problem by the purchase of War 
Assets Corporation’s surplus property 
and the lock-stock-and-barrel removal 
of the pipe line and pumping stations 
of the Greensboro, North Carolina, to 
Richmond, Virginia, extension of 
Plantation Pipe Line would be a fit- 
ting subject for another time, but is 
not our particular interest now. It is 
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sufficient to say that some of the pipe 
was used for loops on the Keystone 
system, and the four pumping stations 
were re-erected on our line to Buffalo, 
New York. Other equipment pur- 
chased from Southwest Emergency 
Pipeline was installed throughout. 
Pennsylvania, where needed. In this 
manner the capacity of the entire sys- 
tem was increased so that it can now 
move all the product oil tendered (Fig. 
2). 

The erection of larger storage tank- 
age by the shippers, however, was not 
so rapidly achieved. Especially in the 
case of furnace oil, the demand had 
grown tremendously since prewar; yet 
the terminal tankage was unchanged. 
In some areas where furnace oil had 
not been supplied through a pipe line 
terminal, there was now a volume re- 
quired in the immediate locality that 
made it imperative for the shipper to 
have storage for this grade, even at 
the expense of gasoline or kerosine 
storage. Several shippers at different 
locations required diesel oil shipments 
as separate movements from their fur- 
nace oil tenders. One shipper obtained 
from the purchasers of the Big Inch 
lines the tank farm at Phoenixville. 
Pennsylvania, and now tenders more 
than a million barrels of furnace oil 
to this terminal for seasonal storage 
of this product to be moved during the 
same period that the gasoline load is 
at its peak. And so on and so forth, 
the complications of the dispatching 
operations were multiplied over and 
over. 


At that time we were using the same 
system for control of our dispatching 
operations that was used when batch- 
ing procedures were inaugurated on 
our system in 1932. This was simply 
an hourly accumulation of the 
amounts delivered from the system 
ahead of a given batch. In conjunc- 
tion with this tabulation, we posted a 
glass-covered scaled schematic plan of 
the system to show the location of 
each batch every hour. This chart also 
indicated which terminals were receiv- 
ing, their receiving rate, the grade and 
consignee of the delivery, the rate in 
various sections of the system, batch 
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FIG. 2. Barrels transported. 
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designations, what grade was last re- 
ceived at each terminal to indicate 
whether a line wash is needed on the 
next delivery, and any main-line gate 
valves that might be closed. This 
proved to be a very reliable system as 
long as the number of batches in tran- 
sit at any time remained reasonable, 
ind as long as the velocity of the oil 
moving through the line allowed suf- 
ficient time to make all dispatching 
arrangements as the batches moved 
between terminals (Fig. 3). 


The increase in transportation de- 
mand, coupled with the restriction on 
terminal tankage, resulted in shorter 
and shorter replenishment cycles mov- 
ing at increased velocities through 
every section of the system. The 
method of advancing the batches be- 
came cumbersome when 25 or 30 
batches were a common thing, and the 
posting of the present position of a 
batch became inadequate information 
when the velocity between terminals 
spaced approximately every 30 miles 
along the system approached the maxi- 
mum for each diameter of line. 


There was need for a system that 
would show the relation between the 
present position of any batch and the 
forecast schedule for that batch. Dis- 
patching arrangements could then be 
carried out by simply adjusting the 
pre-arranged schedule in accordance 
with the amount that the batch was 
sarly or late. 

lt appeared that this information 
ould best be shown by means of a 
progress chart upon which the posi- 
tion of each batch would be plotted 


every hour. This chart is designed 
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FIG. 3. 
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with the content of the pipe line »\ot. 
ted as abscissa; and 24 hr, midnizht- 
to-midnight, plotted as ordinate, 
Along the abscissa, the prover num- 
ber of gallons from the poini of 
origin, and the locations of terminals, 
pumping stations, and junction po nts, 
are shown and coded. The houis of 
the day run from top to bottom. The 
chart is made to a vertical scale of | 
in. equals 4 hr, and to a horizontal 
scale of 1 in. equals 80,000 gal. The 
overall dimensions are 22 in. by 65 in, 
The original is drawn on 4-by-20 pro. 
file tracing cloth, and black and white 
prints of this are then run. One print 
is used for 24 hours’ operation of the 
entire system. (Fig. 4). 


The chart is laid out for the con- 
venience of the dispatcher, dividing 
the system into three main parts. Hori- 
zontally along the top the 8-in. trunk 
line from Philadelphia to Buffalo is 
plotted as a continuous graph. Along 
the bottom of the chart the 12-in. and 
8-in. trunk line from Philadelphia to 
Pittsburgh is plotted. The middle sec- 
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tion is used to show the smaller com- 
ponents of the system, which include a 
6-in. line to Kingston, 4-in. spur to 
Allentown, a 6-in. loop paralleling the 
8-in. line from Montello to Mechanics- 
burg, an 8-in. loop from Montello to 
Berne Junction with the Susquehanna 
Pipe Line, and two 8-in. spurs from 
the main trunk lines, one to Rochester. 
New York, and the other to Hays, 
Pennsylvania, in the neighborhood of 
Pittsburgh. Schedules supplied the dis- 
patcher are divided in this same way: 
ie, the Philadelphia to Buffalo sys- 
tem is scheduled as a unit, and the 
Pennsylvania lines are scheduled sep- 
arately. 

As the chart is a graph of time 
against volume, a slope on the chart 
is a measure of the rate of flow: and, 


ATLANTIC 
HOUSEBRAND 





to make use of this, the chart contains 
two conveniently located scales show- 
ing the relationship between slope and 
rate. This, of course, is the heart of 
the entire scheme (Fig. 5). 

To facilitate the plotting of the 
batch locations, and especially the use 
of the rate scale, the daily chart is 
mounted on a sloping-top table that is 
equipped with a full-length parallel- 
line rule. A transparent adjustable 
triangle or protractor is used with the 
parallel-line rule to carry a desired 
slope from the rate scale to any loca- 
tion on the sheet. 

The daily sheet is prepared during 
the daylight shift prior to the day for 
which the sheet will be used. At this 
time the location where each batch 
will be at midnight of the current day 


ADJUSTED SCHEDULE 
(40 MINUTES EARLY ) 


ADJUSTED ARRIVAL AT 
BIG FLATS 9:IO A.M 


12:01 A.M. POSITION OF 
BATCH — USED FoR 
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FIG. 7. Chart showing adjustment of schedule for batch running 40 minutes early. 
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is determined from the position of the 
hatches on the present day’s chart. 
This point is then plotted at the top of 
the next day’s chart as the scheduled 
position of the batch at 12:01 A.M. 
From this point the scheduled progress 
of the batch is plotted through the en- 
tire 24-hr period to be covered by the 
chart being prepared. The rate at 
which the batch -interface moves is 
determined from the written forecast 
schedule supplied to the dispatcher— 
taking into consideration terminals 
going on or off the line ahead of the 
batch being plotted as well as other 
changes in the pipe line rate. Thus, the 
prepared chart shows an outline of the 
following day’s operation, as sched- 
uled (Fig. 6). 


The intersection of the sloping lines 
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drawn on the sheet in this manner, and 
the vertical lines printed on the chart & 10 
at the station 5 terminal locations, ]]| WILKES-BARRE 
represent the arrival time of a change 
of grade at any given point on the 
pipe line. Each horizontal line on the 
chart represents 12 min; so that, by 
simply inspecting the chart, the arrival 
times are determined with sufficient 
accuracy for dispatching purposes 
without further calculations of any 
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When the daily chart is put into MECHANICSBURG 
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tion of each batch as determined by 6 TO PITTSBURGH 


hourly deliveries to terminals is copied 

over from the bottom line of the i 

for the previous day. This shows at MONTELLO 
once the position of the batch with JUNCTION 
respect to the line representing the 
schedule. For illustration, if this would 
show a batch running 40 min ahead of 
schedule, and if there were no further , 
changes anticipated, then the arrival mm. 8. PHILADELPHIA 
time for this grade at the next station 

or terminal would be moved ahead 40 

min. If it is desired that the product 

be brought back on schedule, possibly 

before its arrival at a junction with a 

connecting carrier, then it is necessary _ back to the rate scale to determine how _each batch. The amount that the batch 
only to draw a line between the pres- _—s much to adjust pipe-line rate (Fig. 7). progressed is obtained from the dis- 


ent location of the interface and the Throughout the day the location of patcher’s hourly report from termi- 
point where the schedule is to be re- __ the front end of each batch is advanced _ nals, and a tabulation is kept of the 
sumed—and, by using the adjustable each hour by the amount of product amount used to advance each batch. 


triangle. to carry the slope of this line —_ delivered from the pipe line ahead of — This tabulation is accumulated at the 
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CHART CONFIRMING BATCH LOCATION _IN RELATION TO 





SCHEDULED DELIVERY TO TERMINAL 





FIG. 10. 


end of each shift and checked against 
the accumulated deliveries to the ap- 
propriate terminals. This serves as a 
check of the amount used hourly to 
advance the chart. 


After it has been determined from 
the hourly log how much each batch 
has moved, this information is plotted 
on the chart by using a regular en- 
gineer’s scale divided for 80 parts to 
the inch. A short vertical line is drawn 
through the point plotted, and it ex- 
tends down to the next hourly division 
of the chart. This line is used for ac- 
curately plotting the increment for the 
following hour. When the current po- 
sition of the ends of the batches has 
been determined, the different grades 
are indicated by ruling an appropri- 


ately colored bar to the extent of each 
batch. Regular colored lead pencils 
are used for this because they make a 
uniformly thick line and do not smear. 
The accuracy of the plotting is checked 
at the end of each shift by using the 
accumulated delivery figure to scale 
from the midnight position to the 
present position of each batch. Thus. 
all arithmetic and plotting procedures 
are checked back to the actual deliv- 
eries to terminals. 

In addition to the original purpose 
of indicating the location of the vari- 
ous grades moving through the sys- 
tem, the chart has proved to be useful 
for many other purposes. 

The location of scrapers is visually 


FIG. 11. 
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every item from Crane makes for dependable per- 
formance from end to end of piping systems. 
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indicated in the proper position in the 
material in which they are moving. 


Emergency shutdowns and power 
failures do not leave the dispatcher 
completely without a forecast sched- 
ule. As soon as the trouble develops, 
he can replot the forecast lines on the 
chart in accordance with the restricted 
operation, and thus he can determine 
the effect on the immediate schedule. 
When the trouble is cleared, he can 
start from the actual location of the 
batches and plot a rate to regain the 
time lost so as to meet the original 
schedule at a specific time, or he can 
plot to any objective which the chief 
dispatcher or forecasters may desire. 


The chart is used to control the pro- 
ration of products passing Montello, 
which is the main junction point on 
the Keystone Pipe Line system. This 
is approximately 60 miles from Phila- 
delphia, where the system branches to 
Pittsburgh, Mechanicsburg, Buffalo, 
Kingston, and Allentown. There is an 
8-in. and a 12-in. line coming into 
Montello from Philadelphia; an 8-in. 
line going west from Montello to Pitts- 
burgh; a 6-in. line going west to Me- 
chanicsburg; an 8-in. line going north- 
west to Buffalo; a 6-in. line going 
north to Kingston; and an 8-in. line 
going north to Berne Junction, where 
it connects to Susquehanna Pipe Line 
for movements to Syracuse, and where 
it also connects to a 4-in. line to Fuller- 
ton Terminal, near Allentown. At 
Montello there is a pumping station. 
5 tanks belonging to the pipe line com- 
pany, and sales terminals for 3 ship- 
pers consigning 10 different grades 
(Fig. 8). 


When a product arrives at Montello 
in one of the lines from Philadelphia. 
it is directed into the proper outgoing 
lines according to the shipper’s des- 
tinations, and also into Montello 
Terminal and into the pipe line tanks, 
if so scheduled. During the entire 
period that this product is passing 
Montello, the operations of all the 
lines or terminals involved are so 
scheduled that exactly the amount 
consigned will be pumped into the re- 
spective lines. This calls for very close 
coordination of the rates going out on 
as many as five lines, into two separate 


- tank farms, and the total of all these 


rates which move up the incoming 
line. Checking the status of this com- 
plicated arrangement was a constant 
requirement, and a time-consuming 
one, prior to the use of the graphic 
method. With this scheme, however. 
the location of the product moving in 
each line, and its relation to where it 
was scheduled to be, is clearly visible 
on the chart. Any adjustment neces- 
sary can be made graphically so as to 
bring the lines right up to schedule 


at the time the back end of the ‘satch 
arrives at Montello (Fig. 9). 


If an intermediate terminal ne«r the 
end of a trunk line is scheduled ‘o re. 
ceive from a batch that has been 
greatly reduced by earlier delis >ries, 
and if, therefore, it will be passing 
this terminal for only a few hou: :, the 
chart will show at what time this 
grade will arrive and finish ai this 
terminal, and the delivery time «: rate 
can be arranged accordingly (Fig. 


10). . 


Following the same line as these 
few examples, the dispatchers them. 
selves have worked out many other 
ways in which to take advantage of the 
graphic method for making the de- 
cisions required by the countless de- 
tails of each day’s operations. 

When the new system was put into 
use, the change-over was made 
abruptly and completely. At 12:01 
A.M. the position of the various 
batches was plotted on the first chart, 
and the old system was abandoned at 
once. Instead of a feeling of confu- 
sion or uncertainty, which would be 
expected with any new system, the dis- 
patchers picked up immediately the 
possibilities of this visual plan. A few 
hours’ instruction as each man came 
on duty for two or three days was all 
that was necessary to get the system 
working. Even the men who had no 
previous training or experience with 
graphic representation were com- 
pletely on their own after two or three 
shifts, and were suggesting improve- 
ments in the technique by the end of 
a week. The replacement of the static 
board, which showed the current lo- 
cation of batches with the progress 
chart which has one dimension in 
time, had all the advantages that would 
come from telling a story with motion 
pictures instead of stills. It was like 
supplying the dispatchers with a work- 
ing-scale model of the system, in place 
of a schematic drawing (Fig. 11). 


The effectiveness of the graphic 
method, which gives the dispatcher 
better control of the system by giving 
him a better picture of the status af 
his operations and a means of 
promptly detecting and adjusting ir- 
regularities, is probably best indicated 
by the fact that the chief dispatcher 
and the forecasters now report that 
calls at home during the night and 
over week ends have become the ex- 
ception rather than the rule. This sim- 
ply means that the operations are car- 
ried out more nearly according to 4 
plan, or schedule, that was worked out 
to give proper consideration to the 
efficient use of the equipment and 
facilities required to meet the total 
transportation demand on the system 
at any time. kat 


THE PETROLEUM ENGINEER, Reference Annual, 1949 











Abstract 


Sour crude oils, which are those 

containing hydrogen sulphide and 
other sulphur compounds, are quite 
corrosive to the inside of tanks in 
which they are stored or handled. The 
area that produces the greatest vol- 
ume of sour crude oil is West Texas. 
The API Subcommittee on Internal 
Corrosion of Crude-Oil Pipe Lines 
and Tanks is conducting studies to de- 
termine the extent to which other 
areas produce corrosive oils, and the 
degree of their corrosiveness. Most of 
the corrosion damage occurs on tank 
bottoms where salt water settles, and 
in the vapor spaces where moisture 
condenses. Reasonably satisfactory 
protective coatings have been devel- 
oped for tank bottoms in the form of 
bituminous coatings, which are usual- 
/y applied in the molten state. As a 
replacement for steel bottoms that 
have failed, new bottoms constructed 
of concrete are widely used. In the 
case of vapor-space corrosion, most 
protective coatings have proved to be 
of doubtful value, and additional de- 
velopment work needs to be done by 
manufacturers of coating materials, 
and the tank owners. Some use is be- 
ing made of aluminum as a substitute 
lor steel in the construction of tank 
roo}s and roof-supporting structures. 
idvancing steel prices have encour- 
aged the use of aluminum, and it ap- 
pears likely that considerably more 
use will be made of it in the future. 
Probably the most satisfactory and 
economical method of preventing this 
corrosion has been the use of gunite 
coatings for tanks. These coatings can 
be successfully applied to tank roofs. 
shells. and bottoms. Floating roofs are 
also used to reduce corrosion because 
they practically eliminate the vapor 
spaces. It is understood that addi- 
tional methods of corrosion control. 
such as modification of tank construc- 
tion and use of inhibitors or neutral- 
izers, are being developed. 


| wrERNAL corrosion of crude oil tanks 
varies widely in degree. depending 
upon the nature of the oils contained 


Presented before Annual Meeting, Amer- 
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Internal Corrosion of Crude-Oil Tanks 


R. A. BRANNON® 


in or handled through them. Crude 
petroleum oils may be divided, inso- 
far as their corrosiveness is concerned. 
into two broad groups. These groups 
are sweet crude oils and sour crude 
oils. 


Sweet crude oils contain no dis- 
solved hydrogen sulphur and _ rela- 
tively small amounts of mercaptans 
and other sulphur compounds. Cor- 
rosion of tanks handling these oils is 
usually a minor problem, as it is con- 
fined principally to the tank bottoms 
where salt water settles. It is a rela- 
tively simple matter to apply protec- 
tive coatings to the tank bottoms to 
prevent this corrosion. Fortunately for 
the pipeline companies, most of the 
crude oils produced fall into this 
group. 


Sour crude oils contain hydrogen 
sulphide and sulphur and other sul- 
phur compounds in varying amounts. 
These oils are corrosive to tanks in 
varying degree, depending upon the 
amount of sulphur and sulphur com- 
pounds present, as well as such other 
dissolved or suspended matter such 
as salt water, iron sulphide, and other 
substances. It appears that the corro- 
sion rate is affected not only by the 
presence of the individual corrosive 
agents, but by the various compounds 
in which they occur. 

The Subcommittee on Internal Cor- 
rosion of Crude Oil Pipe Lines and 
Tanks is at present making a survey 
of the industry to determine which 
fields produce corrosive oils and the 
extent to which they create corrosion 
problems among the pipe line com- 
panies. My own knowledge of this 
problem is restricted largely to Texas. 
The subcommittee has received re- 
ports that oils produced in the Mc- 
Kamie field and Magnolia field in 
southern Arkansas contain high con- 
centrations of dissolved hydrogen sul- 
phide, and are quite corrosive. Gen- 
eral reports have been received show- 
ing that corrosion is rather severe in 
the case of oils produced in certain 
western Kansas fields. More complete 
information is needed regarding these 
and other areas where internal corro- 
sion of tanks is being experienced. 

In Texas large quantities of corro- 
sive crude oil are produced in West 
Texas. Some of the smaller fields, such 


THE PETROLEUM ENGINEER, Reference Annual, 1949 


P 644.62 


as Sugar Land on the Gulf Coasi. also 
produce extremely corrosive oils. I 
has been found that the corrosiveness 
of the oils varies widely between dif. 
ferent fields in the West Texas area 
and that there is a wide variation with. 
in the individual fields, and even be. 
tween adjacent wells. It has also been 
noticed that corrosiveness varies with 
time, and that this change is appar- 
ently due to changes in composition 
of the oil produced. For instance. 
when a well begins to produce appre- 
ciable quantities of salt water, the cor- 
rosion rate of lease tanks is greatl 
increased. 


Tank bottoms are quite seriousl 
corroded due to settling of salt water. 
and to settling of scale that is pumped 
into the tanks with the oil or that falls 
from the roofs of the tanks. The cor- 
rosion of tank bottoms and the lower 
portion of tank shells that are exposed 
to salt water is probably more general 
throughout the area than is corrosion 
of the other portions of tanks. The 
severity of this corrosion varies 
widely. There are reports that 500-bbl 
bolted lease tanks have failed within 
six months. Service lives range from 
six months up to several years. The 
difficulty of determining the average 
service life of tank bottoms is illus- 
trated by an example where an em- 
ploye of an oil company gave the in- 
formation that untreated tank _bot- 
toms at a certain battery would last 
six months; whereas another employe 
at this same battery gave the estimated 
life at four years. Because of the wide 
variation existing at the various tank 
locations. it is impossible to measure 
even approximately the average cor- 
rosion rate in inches of penetration 
per year. 


The vertical surfaces of tank shells 
and columns that support roof struc- 
tures are not seriously corroded. as a 
rule, in the area where they are used 
continuously or periodically sub- 
merged in oil. Severe corrosion is 
usually limited to the vapor space in 
the upper portion of the tank, and in 
the lower portion where water settles 
from the oil. Tank roofs are corroded 
where dissolved hydrogen sulphide 
evaporates from the oil into the vapor 
spaces of tanks. Water vapor con- 
denses from the air contained in tanks. 
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and is deposited on the metal surfaces 
in the form of liquid water. Hydrogen 
sulphide is dissolved in this water, and 
corrosion of the steel proceeds at a 
rapid rate. A surprisingly large 
amount of water is condensed in the 
vapor spaces of tanks, even in areas 


where the humidity of the atmosphere - 


is quite low. The water also remains 
on the roof structures a large propor- 
tion of the time, as it appears that the 
steel must reach high temperatures in 
order to evaporate the water that has 
condensed on it. The vapor spaces of 
tanks are more severely and more gen- 
erally corroded than other portions. 
Measures for preventing this corro- 
sion have been less successful than 
have the measures employed for pro- 
tection of tank bottoms. 


Economics of Corrosion 


The cost to the pipe line industry of 
internal corrosion of crude oil tanks 
cannot be estimated with accuracy. 
but there is no doubt that the eco- 
nomic losses are tremendous and that 
the problem deserves considerable 
study. Any organized cooperative 
effort to improve methods of combat- 
ing this type of corrosion should re- 
ceive the hearty support and encour- 
agement of API members. It is likely 
that conditions will become worse in- 
stead of better with the passage of 
time, as increasing age of producing 
oil fields usually leads to the produc- 
tion of larger quantities of salt water 
along with the oil. It is also likely that 
the handling of sour crude oils will be 
extended to additional trunk line sys- 
tems that have been in sweet crude oil 
service exclusively. 


The remedial measures that have 
been employed have been quite varied 
in their nature, but until recently have 
been rather uniform in their results in 
that they fail to provide satisfactory) 
protection to tanks, especially in the 
vapor spaces. The remedy that one 
naturally thinks of first is the applica- 
tion of a protective coating. Accord- 
ingly. a number of paints and other 





preparations were tried several years 
ago—with results that were generally 
discouraging. Although it was possi- 
ble to apply coatings to the bottoms of 
the tanks and thus greatly increase 
their service lives, it was found that 
none of the coatings available would 
remain in good condition in the vapor 
spaces for a sufficient length of time 
to add greatly to the service life of the 
tank roofs and the upper portion of 
the tank shells. 


Lpon finding that the protective 
coatings were of doubtful value, it was 
logical that attention should be turned 
to the use of materials other than steel 
for the construction of tanks. In the 
case of small tanks up to 1000 bbl in 
capacity, a reasonably satisfactory 
substitute was found in the use of 
wooden tanks. Tanks constructed of 
wood have been, and are being, widely 
used in areas where internal corrosion 
is severe. They have obvious disad- 
vantages even in the smaller sizes, 
however, and no doubt all users of 
them would be glad to find a more 
satisfactory construction material. 


Some use has been made of tanks 
constructed of aluminum; and it ap- 
pears that this material is suitable for 
tank construction, especially in the 
roof and upper portions where there 
is no danger of contact with salt water. 
It appears that, in the future, the use 
of aluminum in tank construction will 
be limited to roof plates, roof struc- 
tural supports, and possibly the upper 
ring of tank shells. With the recent 
increase in steel prices, the cost of 
aluminum roof plates and roof struc- 
tural supporting members compares 
more favorably with the cost of steel 
roofs. The cost of aluminum roofs in 
the case of large tanks is reported to 
be about 114 times that of steel. When 
the savings to be made by eliminating 
the need for painting the outside of 
such roofs is considered, they become 
economically competitive—with only 
a small increase in life due to superior 
resistance to internal corrosion. Some 
proponents of this type of roof believe 
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ANAEROBIC BACTERIAL CORROSION 


(Abstract of paper ‘‘Environmental pH as a Factor in Control of Anaerobic Bacterial Cor- 

rosion,”’ by J. B. Hunter, H. F. McConomy, R. F. Weston, API Chicago, November 8, 1948). 

The results of the study indicate that control of alkalinity of the soil 
adjacent to a pipe line could be used to inhibit anaerobic corrosion. It is 
shown that a high alkaline environment inactivates, but does not destroy, 
the sulphate-reducing bacteria, an alkalinity greater than 9.0 to 9.5 pH 
must be maintained. Such control of the alkalinity of the soil might be 
accomplished in the field by electrical or chemical means. 














THE PETROLEUM ENGINEER, Reference Annual, 1949 








that the service life will be at least 
doubled, and may be extended to as 
much as 40 years. 


In the case of tank bottoms, a sub- 
stitute material in the form of a solid 
concrete floor has been, and is being. 
widely used. This consists of a rein- 
forced concrete slab, approximately 
© in. thick, which is poured onto the 
grade inside the tank shell. It is made 
oil-tight by increasing the thickness 
near the shell to approximately 1 ft 
and by calking a V-shape groove be- 
tween the edge of the concrete slab 
and the tank shell by means of oakum 
or other packing material and coal- 
tar-base plastic material. These bot- 
toms are mainly used in replacing bot- 
toms that require replacement be- 
cause of corrosion in existing tanks. 
Inasmuch as these bottoms cannot be 
salvaged, they can be economically 
used only at tank locations which are 
considered permanent. They are usu- 
ally installed over the old steel bot- 
tom, but may be installed directly on 
the grade with only sketch plates un- 
der the shell to support its weight. 
The cost of one of these bottoms for 
a 114-ft diam tank in Texas ranges 
from $5800 to $6200. 


Inside the Tank 

The protective materials that have 
been tried and used for protecting 
steel surfaces inside of tanks are many 
and varied. Galvanized steel has been 
rather widely used in the case of 
bolted tanks, and it appears that the 
extra cost of this zinc-coated steel is 
justified in areas where the corrosion 
is severe. The extension of service life 
is still not great enough to be satis- 
factory to most users of these tanks. 
Various other metallic coatings have 
been tried, such as lead applied by 
dipping, and aluminum, zinc, lead 
and, possibly, other metals applied by 
spraying the molten metal onto the 
steel surfaces by the metalizing proc- 
ess or other methods. There has been 
little success with these coatings, and 
their use has been quite limited. 

Bituminous coatings have been 
quite successfully used in coating tank 
bottoms. These coatings consist of a 
primer and an application of bitumin- 
ous material, which is usually melted 
and spread over the surface by pour- 
ing or brushing. In some cases sand 
or other inert material is incorporated 
in the bituminous coating to form a 
mastic, which has greater resistance 
to moisture absorption and to distor- 
tion by physical forces. Asphalt-base 
bituminous materials are sometimes 
used. These materials have the disad- 
vantage that they are soluble in oil. 
and they require that a layer of water 
be carried in the tank to prevent con- 
tact between the oil and asphalt. It is 
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difficult to obtain adequate protection 
to the tank shell with this material at 
the oil-water line where corrosion is 
likely to be unusually severe. Other 
bituminous materials have a coal tar 
base, and they are less subject to solu- 
tion in oil. Usually no effort is made 
to prevent contact of these coatings 
with the oil, but settling of water nat- 
urally present in the oil sometimes 
provides this separation. 


Several coal tar base coatings with 
special ingredients have been devel- 
oped by various suppliers of protec- 
live coating materials and offered for 
use on tank surfaces exposed to crude 
oil vapors. Some of them have been 
rather widely used on tanks of all 
sizes. Indications are that these coat- 
ings give full protection to tank roofs 
for periods ranging from a few 
months to five or six years. There is 
considerable evidence to indicate that 
the destruction of the roof metal is 
retarded even after the coating shows 
definite signs of failure. 


Probably the greatest hindrance to 
the more widespread use of these ma- 
terials has been the high cost of pre- 
paring the metal surfaces and apply- 
ing the protective coating. These coat- 
ings, in common with all others of 
which we have knowledge, require 
that steel surfaces be cleaned by sand- 
blasting or equivalent methods for re- 
moval of all scale and foreign ma- 
terial and for providing a roughened 
surface for better adhesion of the 
paint films. Before 1940 the complete 
cost of such coating closely ap- 
proached the cost of the steel tank 
roofs themselves. 


During the past few years several 
paints have been developed that ex- 
hibit properties indicating they can 
be successfully used for protecting 
these steel surfaces. Synthetic plastic 
coatings that are insoluble in crude 
petroleum oil and that can be applied 
with few microscopic pores have been 
developed. A number of oil companies 
are now using these coatings as a 
regular practice on lease tanks in 
West Texas. Most of these tanks are 
of the 250-bbl or 500-bbl size. These 
companies are also participating in a 
cooperative effort to determine the 
effectiveness of the various coatings. 
\nnual inspections are made, and rep- 
resentatives of other companies and 
anyone interested are given an oppor- 
\unity to observe the coatings. An at- 
tempt is made to arrange the produc- 
tion operations in such manner that 
as many different coatings, which 
have been subjected to as many dif- 
ferent conditions as possible, are 
available for inspection. These tanks 
provide the ideal testing ground for 
various materials and methods of cor- 
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rosion prevention, because the tanks 
are small and have relatively short 
service lives unless protective meas- 
ures are employed. 


The 1948 inspection was conducted 
September 14-16, and was sponsored 
by the Midland Section of the Na- 
tional Association of Corrosion Engi- 
neers. It was my observation during 
this inspection that the plastic coat- 
ings as supplied by Goodyear, Minne- 
sota Mining and Manufacturing Com- 
pany, Amercoat Division of American 
Pipe and Construction Company, 
Plastic Coating Corporation, Green 
Contracting and Engineering Com- 
pany, Inc., and others afford good 
protection for periods of one to two 
years. Some evidence of failure, such 
as the presence of small blisters, is 
usually present after one year, but 
usually there is no sign of metal at- 
tack under these coatings even at 
points of failure, and there is no doubt 
that the service lives of the tanks will 
be very greatly extended. In some 
cases the plasticizer incorporated in 
the paint has been leached out by the 
hydrocarbon vapors, with the result 
that the paint film has become brittle 
and has lost its adhesion to the steel. 
No doubt further study of this prob- 
lem by the paint manufacturers will 
result in improvements of the paints. 

One of the coatings inspected con- 
sisted of extremely finely divided 
metallic lead that had been dispersed 
in a vehicle consisting of a small 
amount of plastic paint and a thin- 
ning agent. This material was applied 
by spraying to sandblasted surfaces in 
much the same manner as any quick- 
drying paint or lacquer marketed by 
one manufacturer we know of. It ap- 
peared to have good resistance to the 
action of salt water on tank bottoms 
and to the action of liquid crude oil. 
In the vapor spaces it showed blisters 
similar to other paint coatings. 

The cost of almost all these paint 
coatings, including preparation of 
the metal surface, application of the 
paint, and the paint materials, is about 
30 or 35 cents per sq ft of area cov- 
ered. 

_ It is especially apparent in coat- 
ings such as these, which show signs 
of failure after relatively short peri- 
ods of service, that proper cleaning 
and preparation of the metal surfaces 
and the use of proper methods of ap- 
plication are the principal factors in 
determining the performance that can 
be obtained from a protective coating. 
It has often been said that coating per- 
formance is based 90 per cent upon 
application and 10 per cent upon ma- 
terials. It appears that, in this case, 
both application and material must be 
almost perfect in order to provide 


satisfactory service. Much beticr re. 
sults can also be obtained when coat. 
ings are applied to new steei than 
when the same coatings are applied to 
steel that has been exposed to sour 
crude oil. It appears to be practically 
impossible completely to remove all 
the corrosion products or absorbed 
material in the case of steel that has 
suffered corrosive attack by these oils, 


Guniting 

The protective covering thai ap. 
pears to have been most effective in 
preventing internal corrosion of all 
portions of tanks of all sizes is one 
consisting of reinforced portland ce: 
ment mortar applied by means of ce. 
ment guns. This application process 
is referred to as guniting, and the 
coatings are referred to as gunite, 
Gunite coatings have been used for 
many years on the Gulf Coast by re. 
fineries and pipe line companies for 
protecting the inside of tanks and 
other vessels. The results have been 
rather uniformly satisfactory. The 
metal surfaces are cleaned and pre- 
pared for application of the gunite 
coating by sandblasting to remove 
scale and roughen the metal surface. 
Reinforcing steel is attached to the 
roof and shell by tack welding 1-in. 
rods on 18-in. to 2-ft centers. A cov- 
ering of 3-in. by 3-in. 10-gage wire 
mesh is then attached by means of tie 
wires to these rods over the entire 
surface. Rafters and other roof-sup- 
porting structural members are 
wrapped with the wire mesh so that 
they can be completely covered with 
gunite. In tanks where welding is not 
allowed, the reinforcing rods are al- 
tached to the roof and shell by means 
of clips riveted to the steel plates. Simi- 
lar reinforcing is placed on the bottom 
of the tank, except that it is not at- 
tached to the bottom. During appli- 
cation of the gunite the steel mat. 
consisting of rods and mesh, is lifted 
off the bottom so that it is placed in 
the center of the gunite layer. 


Typical specifications for guniting 
provide that the cement mortar shall 
consist of a mix of one part portland 
cement to three parts sand, and thal 
air pressure for guniting shall be 65 
psi, minimum. The minimum thick- 
ness of gunite usually specified for the 
shell is 1 in.; that for the roof is 1"; 
in., and that for the bottom is 2 in. 
The gunite is cured by keeping it wet 
for a minimum of 48 hr and. where 
necessary, moist steam is used in the 
tank to maintain temperatures high 
enough for effective curing during the 
48-hr period. In the case of pipe line 
tanks, the gunite is frequently applied 
to the roof and about 5 ft down the 
side of the shell and the members of 
the roof-supporting structure. When 
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gunite is applied to the bottom of a 
tank, it is usually extended up on the 
shell-and-roof columns a distance of 2 
ft or 3 ft. In a few cases the entire shell 
has been coated. 


Typical prices for the application 
of gunite coatings to tanks in the Gulf 
C east area are as follows: 


Cents per 
sq ft 
Roof, rafters, and girders....... 42 
Tank shell and columns 
Bottom 


These prices include cleaning of the 
metal by sandblasting and supplying 
of all materials. The customer is 
usually expected to supply water for 
mixing gunite and for filling the tanks 
so that barges may be used as supports 
for performing work on roofs and tank 
shells. The customer is also expected 
to supply electricity for lights, be- 
cause this type of work can usually be 
performed better at night when tem- 
peratures inside the tanks are lower 
and, therefore, more endurable by the 
workmen. Additional charges are 
made if the use of buggies is required 
for application of the gunite to the 
upper portions of the tanks. The cost 
of moving to remote locations is extra. 
The cost of this coating is relatively 


MERCO D 


UTOMATIC CONTROLS 
‘oR INDUSTRIAL APPLICATIONS 
REQUIRING POSITIVE CONTROL 
OF PRESSURE, TEMPERATURE, 

LIQUID LEVEL ETC. 


SIMPLE TO ADJUST FOR THE 
SPECIFIED OPERATING RANGE 


MEPCOID CONTROLS ARE EQUIPPED 
WITH MERCURY SWITCHES, THEREBY 
INSURING GREATER SAFETY, BETTER 
PERFORMANCE AND LONGER CONTROL LIFE 


WRITE FOR CATALOG 600°B. PLEASE 
MENTION THIS PUBLICATION 

THE MERCOID CORPORATION 

420! BELMONT AVE. CHICAGO 41, ILL 


high, but it appears to be quite et- 
fective in preventing corrosion for 
long periods of time, even when the 
corrosive conditions are unusually 
severe. Until the effectiveness of less 
expensive coatings is improv red, it ap- 
pears that this coating is the most satis- 
factory and economical one available. 
In some cases special methods of 
tank construction have been used io 
reduce the rate of corrosion attack. 
Perhaps the simplest of these is the in- 
stallation of a bottom that is sloped 
toward a sump so that salt water may 
be collected and drawn off, thus re- 
moving the principal corrosive agent. 
In the case of bolted tanks, a roof is 
sometimes installed in an inverted po- 
sition as a tank bottom. One of these 
tanks was recently inspected in West 
Texas after one year’s service, and it 
was found to be in perfect condition. 
This particular tank bottom had a 
pitch of 1 in. to 1 ft, and had been in- 
stalled without protective coating 
other than the aluminum paint ap- 
plied by the manufacturer. If this type 
of construction were applied to larger 
tanks, the pitch would need to be re- 
duced and a protective coating would 
be needed because the salt water would 
not drain to the sump so readily. 
Floating roofs are widely used for 
the double purpose of reducing cor- 


rosion and reducing evaporation 
losses. This type of roof practically 
eliminates the vapor spaces, and thus 
greatly reduces the corrosion. It is un- 
derstood that other types of roofs in- 
volving methods for elimination of the 
vapor spaces are under development. 


Another method of corrosion con- 
trol that is under development, but 
upon which at present little informa- 
tion is available, is the use of neutral- 
izers and inhibitors. It is possible that 
corrosion inhibitors could be added to 
the water carried in the bottom of 
tanks. It is also likely that corrosion 
inhibitors or materials that would 
neutralize the corrosive agents could 
be added to the petroleum vapors to 
reduce or prevent corrosion in the 
vapor spaces. It is known that some 
producing companies are experiment- 
ing with the use of oil-soluble inhibit- 
ors for the prevention of corrosion of 
oil-well casing and tubing. These in- 
hibitors can be expected to remain in 
the oil, and they have a beneficial ef- 
fect upon the pipe line carrier’s facili- 
ties with which they come in contact. 
The present cost of these inhibitors is 
too great for pipe line use, but it may 
be that, if they were widely adopted 
by producers, a beneficial effect would 


be noted by the pipe line carriers. 
xk*k* 


PIPE LINE TAPS MADE EASIER 
..+- SAFER With HILLCO 
Model 600 TAPPING MACHINE’ 


FEATURES— 
2,000 p.s.i. test pressure. 


Maximum tap: 6” standard (8” special). 

Power: air motor or manual—dual cranks (1). 

Flanged (or threaded) Tapping Nipple (2) welded to pipe line. 

Automatic feed (3) protects shell cutters (4). Pilot Drill (4) holds 
—— in shell cutter. Nipple Plug (5) permits removal of tapping 


valves...an exclusive feature. 


FOR COMPLETE 
INFORMATION WRITE... 





*Patent No. 2,097,398 
Other Patents Pending 
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Nordberg four-cycle Diesels of this type are available in two 


cylinder sizes — the FS-9 and FS-13 series — providing a power For main line or booster stations — 
range from 150 to 1370 H.P., for direct pumping or as gener- wherever you must keep petroleum prod- 
ating units. ucts on the move with plenty of power 


— you can count on Nordberg Diesels 
of the right size and type to do a depend- 
able, economical job, day-in, day-out. 

Available in a power range from 150 
horsepower upward, scores of these 
rugged engines built by Nordberg and 
its Busch-Sulzer Division have been 
proved in over 25 years of pipe line 
service, in a wide variety of requirements 
ranging from self-contained portable 
pumping units to permanent stationary 
installations and generating units for sta- 
tion power and lighting. For complete 
details, write for Bulletins. 

wwW OR 

Nordberg Diesel Engines are built in two and 


four-cycle types in sizes up to 8500 H.P., also 
Duafuel models where gas is available. 









Nordberg Type FS-16 four-cycle Diesel Engines are available in 
sizes ranging from 730 H.P. in the 5-cylinder non-supercharged 
model to 1750 H.P. in the 8-cylinder supercharged unit. 





NORDBERG 4FS 1 SERIES DIESEL 


This compact four-cycle, single cylinder Nordberg Diesel, 
with 412” bore, 5%" stroke, develops 10 to 15 H.P. 
It is available for direct drive with clutch power take- 
off, as on electric generating set (6 to 9 K.W.) or as 
a self-contained pumping unit (200 to 1200 G.P.M.). 
Write for complete details. 


NORDBERG MFG. CO. 
MILWAUKEE 7, WISCONSIN 
Four-Cycle Diesel Plant —- BUSCH-SULZER DIVISION 


St. Louis, Missouri 
Dd} 


DIESEL ENGINES 
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> Introduction. To prevent corro- 
sion is the prime reason for coating 
buried metal structures. All corrosion 
is electro-chemical action. The soils 
in which most metal structures are 
buried contain moisture or water with 
dissolved natural chemicals. In some 
locations these have been altered by 
absorption of fertilizers, industrial 
wastes, and/or petroleum. Corrosion 
of metal by contact of soil proceeds 
only when the latter is moist. Corro- 
sion can be prevented by insulating 
the metal from the moist soil or by 
nullifying the latter’s electrolytic ac- 
tion. 

The corrosion of underground pipe 
lines has been observed ever since 
such were first laid, and many and 
varied steps have been taken to mini- 
mize its severity. In recent years in- 
dustry has generally concluded that 
coating protection of some form 
should be provided on new pipe line 
installations; however, full considera- 
tion is seldom given all factors enter- 
ing into the choice of proper coating 
materials. 

These materials and their applica- 
tion have increased in cost to the point 
that the latter is a major item in the 
total cost of a new line. This factor, as 
well as their relative protective values, 
requires that every consideration. 
technical and economic, should be 
given their specification. 

No practical pipe insulating ma- 
terial has been found that will stay 
completely stable and moisture-proof 
in the soil over an extended period. 
The economical alternative is to apply 
one that will remain reasonably stable 
under soil pressure and has a low 
moisture absorption rate, thus retain- 
ing an acceptable insulating value. and 
to compensate for its imperfections by 
applying cathodic protection. The lat- 
ter’s protective currents decompose 
any moisture (that may reach the pipe 
face) into gaseous components, which 
escape through the coating flaws. 


> Coating Material Characteris- 
ties. No single coating is universally 
effective, nor is it possible to concisely 
predict the local actions of the many 


_*Presentation before a Division of Transporta- 
tion Pine Line Symposium during the 28th An- 
nual Meeting of the American Petroleum Insti- 
tute, Chicago, Illinois, November 8, 1948. 

J *, Seherer, chief engineer, The Texas 
Pipe Line Company. 

40. C. Mudd, chief corrosion engineer, Shell 
Pipe Line Corporation. 





Mechanical Aspects of Pipe Line Coatings” 


L. F. SCHERERt and O. C. MUDD# 


types of soil conditions that will be 
encountered along a pipe line. As a 
practical compromise, it thus becomes 
necessary to specify a composite coat- 
ing that will provide the best possible 
defense under a wide range of con- 
ditions. 

Certain properties are essential in 
every good coating. These are: 

a. Low moisture absorption. 

b. Good electrical insulation. 
Insolubility in petroleum prod- 


~ 


ucts. 

d. Resistance to soil pressure and 
deformation. 

e. Ease of application. 

f. Inertness to soil chemicals. 

All economical underground in- 
sulating materials have inherent short- 
comings, but excellent results—in 
fact, almost perfect results—can be 
obtained from a proper combination 
of materials, and modern methods of 
application and burial of the coated 
line. 


>» Early Coating Developments. 
We will not here discuss all the ma- 
terials that have been tried to combat 
underground corrosion because this 
paper aims to present the best modern 
practices. However, when considering 
corrosion preventives, it is just as im- 
portant to know what won’t work as 
it is to know what will. Thus a brief 
review of the past seems advisable. 

The earliest reports on coating un- 
derground pipe came from England 
in the early 1800’s. These showed that 
hot-applied bitumens gave best results. 
Later tests have confirmed these find- 
ings; thus, recent improvements have 
heen in the selection and mechanical 
application of such materials. 

The American Petroleum Institute 
initiated a program of coating tests 
during 1930 that extended over ten 
years. These tests confirmed the re- 
sults observed in England many years 
earlier. One fact brought out was that 
the true performance of a coating can 
be determined only after an appreci- 
able time on an appreciable length of 
operating lines. 


> Evaluation of Coatings. In the 
API tests of 1930-1940, and a large 
number of full-scale tests and observa- 
tions made concurrently and since un- 
der actual operating conditions, dif- 
ferent ages and types of coating in 
service on lines up to 10-in. in diam 
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were studied to determine the better 
materials and methods of application 
promising longest .coating life with 
respect to cost. A brief resumé of the 
coating materials tested and the results 
obtained are given below: 

a. Asphalt and coal tar in solvents: 
These offered little or no vrotection. 

b. Asphalt emulsions: These were 
highly permeable to moisture and un- 
der some conditions served to harbor 
highly corrosive fluids between coat- 
ing and pipe, thus accelerating cor- 
rosion. 

c. Asphalt enamel with cocoa-fiber 
reinforcing: Moisture entered through 
the porous fiber structure. and it was 
common in later inspection to find an 
imprint of the reinforcing fabric pat- 
tern corroded on the pipe surface. 

d. Petroleum-base or grease-type 
coatings: These have very poor elec- 
trical insulating properties after a 
short time in moist soil. Loss of elec- 
trical resistance has been found to be 
an index of their moisture absorption. 
Moisture accumulates in small glo- 
bules at the metal surface, thus acti- 
vating corrosion. Corrosion found un- 
der such coatings has been uniformly 
spread to the extent that when a leak 
develops it may be impossible to ap- 
ply a patch and clamps. or even to 
weld the patch. 

e. Multi-layer coatings where as- 
phalt or coal tar, with organic or semi- 
organic wrapper, is applied in succes- 
sive layers: These proved less effective 
than a single coat with protective 
wrapper. The embedded felts contained 
solvents or moisture, which evapo- 
rated into gas or steam when the 
succeeding coat of hot enamel was 
applied, thus causing large voids in 
the coating. These often accumulated 
water that followed flaws to the pipe 
surface and caused concentrated cor- 
rosion and early leaks. 


f. Asphalt mastic: Some of these 
have resisted corrosion for many years 
in soils free of petroleum or similar 
solvents. However, crude oil or its 
products, such as may enter the soil 
from new or old line leaks, rapidly dis- 
solve these asphalt mastics. In one 
case on a products line, about 300 ft 
of coating was destroyed before the 
leaking product was visible at the 
ground surface. Also, they are quickly 
destroyed by marine animals in brack- 
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corrosion investigation on its system. 





L. F. Scherer is chief engineer of The Texas Pipe 
Line Company, Houston, Texas. He received a B.S., 
degree in mechanical engineering from the Univer- 
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the National Association of Corrosion Engineers. 

O. C. Mudd is senior corrosion engineer for Shell 
Pipe Line Corporation, Houston, Texas. He was born 
in Butte, Montana. At the end of his junior year at 
Montana State College he entered military service in 
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Montana Power Company at Billings, and in 1925 
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tion. In 1928 he went with Shell at its Wood River, 
Illinois, refinery, and in 1933 was transferred to the 
pipe line corporation to assist in the first organized 
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ish waters. Because of the permeability 
of the asphalt, loss of bond between 
pipe and coating has been observed at 
many places in wet soils. 

g. Asphalt enamels, with and with- 
out wrapper: Asphalt enamels, even 
at or near atmospheric temperatures, 
will flow slowly under pressure. Their 
tendency to flow decreases with tem- 
perature. Asphalt enamels are rela- 
tively permeable to moisture; in fact. 
they often absorb and trap enough 
water to expand the coating and sever 
its bond to the pipe. They are soluble 
in petroleum and similar solvents. 
\sphalt without wrapper can _ be 
severely damaged by soil; also, it tol- 
rates vegetation root growth along the 
surface and occasionally into it. In 
some parts of the country this type of 
coating may be severly damaged by 
cophers. 

Even with cathodic protection, 
severe corrosion has been found under 
asphalt enamel with a protective wrap- 
per because the expanded coating had 
interrupted the flow of protective cur- 
rent and left the pipe surface under 
conditions equivalent to bare pipe in 
corrosive soil. The mechanical difficul- 
ties encountered in handling a line 
with this type of protection in warm 
weather, even though the coating has 
been well reinforced, make it almost 
impossible to have a well insulated 
job without unreasonable cost. 

h. Coal-tar enamel, with and with- 
out wrapper : Coal-tar enamels without 
wrapper also are subject to severe dis- 
tortion by soil movement; some fat 
soils, when shrinking, have frequently 
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pulled the enamel from the pipe sur- 
face. The addition of a wrapper of as- 
bestos-felt retards movement or re- 
moval of enamel by soil shrinkage and 
it reduces the deformation of the 
enamel by soil pressure; however, in 
some cases the repeated changes of 
soil dimensions with moisture change 
have displaced the enamel until the 
asbestos-felt touched the pipe and pro- 
vided a moisture path to the metal. 
No evidence of dimensional change in 
coal-tar enamels by water absorption 
alone has been observed. 


A four-mile section of a 10-in. crude 
oil pipe line laid in 1928, coated with 
coal-tar enamel but without a wrapper, 
was reconditioned during 1936 be- 
cause of severe corrosion. This section 
was recoated with coal-tar enamel, 
hand-ragged, plus a _hand-applied 
spiral wrapper of asbestos-felt 
wrapped on cold. All holidays were 
detected and patched before the wrap- 
per was applied. The section was given 
cathodic protection, and successive 
electrical measurements showed no 
apparent decrease in coating effective- 
ness. 


Two thousand feet of this coating 
was removed during 1946 to examine 
the condition after ten years of serv- 
ice. The pipe surface showed no cor- 
rosion and no loss of coating bond 
even though holidays were numerous. 
Cold flow of the enamel was much in 
evidence, the areas of greatest thick- 
ness having suffered most. Those of 
approximately ;';-in. thickness had 
been deformed the least and appeared 
in the best condition. Evidence was 


found of pipe movement loncitudi. 
nally within the coating, although this 
had not severed the bond. 


> Recent Developments in (oat. 
ing Techniques. Evidence from 
these coating studies pointed out the 
materials giving best results at reason. 
able cost; however, it also disclosed 
inherent weaknesses still to be over. 
come. The evidence showed that 
single flood-coat of coal-tar enamel, 
machine-applied, when supplemented 
with cathodic protection, gave best re. 
sults with respect to cost. It also 
showed that much coating damage is 
caused by poor trench preparation be. 
fore lowering pipe and by carelessness 
in lowering and backfilling. 

The improvements indicated by the 
evidence, and since developed, include 
the following: 


a. The addition of suitable reinfore. 
ing material to impede cold flow. 


b. The detection and patching of all 
holidays before pipe is lowered into 
trench. 


c. The thorough preparation of 
trench (1) by removal of all materials, 
debris or objects liable to cause ex- 
cessive pressure against the coating, 
and (2) by laying along the trench 
bottom sufficient fine-textured soil or 
sand to give uniform weight distribu- 
tion after the pipe is lowered. 

d. The exercising of care when low. 
ering in the coated line. 

e. The lowering in of the coated 
line direct from the coating machine 
when possible, thus avoiding damage 
from trench skids. 

f. The use of a fine soil, free of hard 
objects, for the first part of the back- 
fill. 

g. The exercise of care to prevent 
debris from falling or being thrown 
into the open trench or backfill at any 
time. 

h. The application of cathodic pro- 
tection as soon as possible after line 


is backfilled in place. 


> Coating Reinforcement. A suit: 
able reinforcing material to retard 
cold flow in bitumen coatings must be 
non-hydgroscopic; i.e., it must not 
absorb or conduct moisture. Mastic- 
type coatings contain a high propor- 
tion of sand and similar materials for 
reinforcing, and its application m- 
volves the use of considerable material 
and expensive equipment of greal 
weight. 

The practical alternative is to fol- 
low the principle of reinforcing con- 
crete with steel ; i.e., to place material 
of high tensile strength in the coal-tat 
enamel where greatest stresses occul- 
Glass fiber matting is the most prac 
tical material now available at reason- 
able cost. A mat of 15-mil (0.015 in.) 
thickness has given best results for 
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coatings on pipe 12 in. or less in diam. 
It should be wrapped into the hot 
enamel because, if hot enamel is ap- 
plied over a wrap of dry matting, 
many air voids and holidays occur. 
The best results are obtained when the 
mat is completely embedded in the hot 
enamel as near the outside surface as 
practical, and asbestos-felt is wrapped 
immediately over this coating. 

Coatings capable of withstanding 
severe abrasion and shock can be ob- 
tained by mounting short sections or 
joints on dollies, rotating them, and 
applying three successive layers of hot 
enamel with 15-mil glass fiber mat 
pulled in. If such pipe is to be pushed 
into position through casings, under 
highways or railroads, or across 
streams, it is advantageous to build 
up “abrasion pads” every few feet 
over the described triple-layer coating. 
These pads should be of single mat 
width and several layers thick, sat- 
urated with hot enamel while rotating 
the pipe. The pads act to absorb abra- 
sion or displace sharp objects during 
the pushing operation, and they may 
even help “dig trench” in a pipe 
pushed or pulled across streams. 

Holiday detection and patching of 
all coating holidays are as essential as 
testing the line for weld or metal im- 
perfections. Continuity of metal keeps 
the oil in the line; continuity of coat- 
ing keeps the metal in place. 

Proper preparation of the trench be- 
fore lowering the coated line is a con- 
servation measure. Excellent coating 
jobs have been obtained only to be 
severely damaged when lowered into 
the trench, and further damaged dur- 
ing backfill. Since bitumen coatings, 
even with reinforcement, are subject 
to. cold-flow deformation when the 
pressure is great enough, it is obvious 
that pressure against the coated surface 
should be distributed as evenly as 
practical. 

This feature becomes of increasing 
importance in rock trenches or hard 
soil, or with larger diam lines where 
the unit loading is relatively higher. 
A novel method for handling this 
situation was used on a recently con- 
structed large-diam line. Fine ma- 
terials for cushioning were scarce so 
such material as was available was 
placed in piles about 6-in. high and at 
intervals of approximately 50 ft in the 
bottom of the trench. Several pounds 
of hot tar from a small patching pot 
were poured on the top of each pile 
before the pipe was lowered in. This 
method proved most effective. 

Too often broken pieces of skids, 
weld rods, and coating barrel frag- 
ments have been thrown or have 
fallen into the trench after the initial 
backfill of fine soil was laid. Settlement 
of soil over a long period of time has 
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brought these objects into contact with 
the coating and has caused holidays. 

Much damage has been done to 
coatings during the lowering-in opera- 
tion by allowing the line to swing 
against or drag on sharp projections 
along the trench walls. Large sheets of 
plywood placed along these walls dur- 
ing lowering will minimize such dam- 
age. These sheets should beheld in 
place until the line is secure against 
further movement, after which they 
can be transferred ahead. 

With proper reinforcing and rea- 
sonably careful handling, it is now en- 
tirely practical to lower a coated line 
directly into the trench behind ihe 
coating machine, thus saving consid- 
erable expense in further handling of 
the line and in repair to skid marks. 

Frequently too little attention is 


- given to the backfill operation, and 


large clods or rocks often are pushed 
in with the first part of the backfill. 
Too much stress cannot be placed on 
the damage that may result to the 
coating from inattention to this fea- 
ture. 

As a good practice in handling 
“slack loops,” the trench should have 
objectionable material removed be- 
fore picking up the loop. After picking 
up, repair the skid marks and then 
holiday detect the exposed coating to 
verify its continuity. Then lower in 
the line and backfill with care equal 
to that given the remainder of the line. 

Application of cathodic protection 
to coated pipe as soon as possible after 
it is laid will effect the least consump- 
tion of electrical energy for complete 
protection and will insure against any 
start of corrosion where undetected 
holidays remain. 


> Coating Larger Diameter Lines. 
Present trends are toward construc- 
tion of larger diameter oil lines and. 
as mentioned previously, their coat- 
ings are subjected to greater pressure 
along the underside supporting area. 

A 20-in.-22-in. line recently laid 
from Jal, New Mexico, to Wichita 
Falls, Texas, via Midland, was coated 
with coal-tar enamel, glass-fiber rein- 
forcing, and asbestos-felt wrapper. It 
was deemed advisable to use 25-mil 
glass-fiber reinforcing in this coating 
for added insurance against cold flow 
under the weight of this large pipe 
when filled with oil. It was not con- 
sidered practical to embed this 25-mil 
glass into a single flood-coat; there- 
fore, a double-coat, double-wrap trav- 
eling machine applied an initial flood- 
coat, followed by the reinforcing of 
glass fiber, and a second flood-coat 
followed by a wrapper of 15-lb as- 
bestos-felt. The average thickness of 
the complete coating was less than 
14 -in. 

A scrupulous inspection for holi- 
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days was maintained immediate’ y he. 
hind the coating machine; ho'idays 
were patched as rapidly as they were 
detected. A 4-mile section of line was 
checked for coating resistance « few 
days after backfilling. It measured 
more than 24 megohms per <q ft, 
which resistance undoubtedl\ de. 
creased after complete settlemeat of 
the backfill. Nevertheless, that meas. 
urement indicated that a good jo! had 
been done. 

A commercial form of casing spacers, 
designed to hold the pipe centered in 
the casing, was installed over the sec. 
tions of coated pipe that were pushed 
through casings at road crossings, etc, 
These spacers were constructed of 
synthetic blocks, suitably shaped and 
arranged on flexible metallic cable, 
with provision to maintain equality of 
spacing and tight attachment around 
the coated pipe. 

These assemblies. which were fas- 
tened around the pipe at 15-ft mtervals, 
proved very effective in centering the 
pipe within the casing so that much 
less effort was required for the pull. 
They also eliminated the likelihood 
of wood or other fibrous materials, 
loose wires, etc., being left within the 
casing. 

A commercial form of mechanical 
end-seals for the casings was installed. 
which gave better insurance against 
incidental pipe-to-casing contacts than 
other types previously available. 
> Preparation of Pipe for Coat- 
ing. It is important that pipe to be 
coated should be as clean as possible 
so that it will bond properly with the 
coating. New pipe can usually be 
prepared for coating primer and the 
succeeding hot enamel application 
without much trouble; however. 
proper cleaning of old pipe removed 
from the ground presents many prob- 
lems. 


Numerous pipe-surface cleaning 
methods are in use, but the rotary- 
head traveling cleaning machines are 
still the favorites. With these it has 
been found that better cleaning of 
rough pipe is possible if one cutter- 
head rotates in a clockwise direction 
and a second cutter-head rotates coun- 
terwise. Such an arrangement seems 
best adapted for cleaning out deep 
pits or along rough edged longitudinal 
welds on certain types of pipe. 

In preparing pipe surface for coat: 
ing, it is important to remove loose 
soil and corrosion products or scale, 
but it is even more important to re 
move all moisture from adhering sub- 
stances. Cleaning of the base metal 
accomplishes this, but the removal of 
moisture by chemical methods 1! 
cheaper. Rough corroded surfaces 
reasonably cleaned and chemically 
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treated have provided excellent bond 
for hot enamel coatings. In one meth- 
od of cleaning now in vogue, a rotary- 
head cleaning machine is run to re- 
move dirt and scale prior to inspection 
for corrosion damage and subsequent 
repair. After the repair work, a sec- 
ond machine, with cleaning head to 
remove additional loose scale, and with 
brushes to apply a solution of dilute 
primer (diluted with four parts of 
thinner) to soak any remaining rust 
or scale. is run. This does not remove 
all of the moisture, but the amount left 
will not cause trouble. Its effective- 
ness is often shown by the appearance 
of chemicals over the treated surface 
after the primer dries. A third ma- 
chine is then run over the treated sur- 
face. This machine is fitted with a 
cleaning head to remove any scale 
loosened by the dehydrating action of 
the dilute primer and with brushes to 
apply the regular or full-strength 
primer. 

Other methods of cleaning may be 
justified by circumstances. On some 
older lines uncovered for recondition- 
ing, corrosion products have been 
found that gave trouble even after 
treatment with primer solution. In 
some such exceptional cases the trou- 
ble was eliminated only by “grit 
blasting.” : 


> Checking Coatings in Place Un- 
derground. Two methods are now 
popular to verify effectiveness of coat- 
ing underground. 


An electrical resistance test can be 
made only when the coated pipe is 
electrically isolated from other struc- 
tures intimately in contact with 
ground. When thus isolated, an elec- 
trical current of negative polarity is 
impressed upon the pipe until the 
most remote point is slightly over 0.25 
volt negative to soil (0.80 volt with 
copper-sulphate electrode) ; then the 
current flow and potentials at control 
points are noted. Additional current 
is then impressed to raise the remote 
point of pipe-to-soil potential by 0.1 
volt, i.e., to 0.35 volt, after which the 
current and potentials are again noted. 
If the test is conducted with the cur- 
rent connection at one end, then the 
average potential for any current value 
will be the sum of the potentials at 
each end divided by two. Dividing the 
difference of the two average poten- 
tials by the difference of the two cur- 
tent values will give the total resistance 
for the line coating. Dividing the total 
tesistance by the total square feet of 
pipe surface under test will give the 
resistance per square foot. If—after 
the backfill has settled—the unit re- 
‘istanve is less than one megohm per 
square foot, the effectiveness of the 
coatins is questionable. 
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The other method of coating in the 
ground is by the use of the Pearson 
Holiday Detector, which locates the 
coating flaws by detecting the points 
of current flow from the soil into the 
pipe. This instrument is dependable 
in experienced hands, and it has re- 
vealed many such flaws. When used io 
inspect newly laid lines, it has multi- 
plied the bane of contractors—“Hard 
Boiled Inspectors.” 

Experience has developed coating 
specifications for new construction or 
maintenance jobs with provisions 
aimed to obtain best results. However. 
these are without force unless con- 
stant vigilance is maintained by in- 
spectors qualified to judge the charac- 
ter of the work and authorized to en- 
force compliance. 

Coating specifications doubtlessly 
will change as improvements develop: 
however, the following current speci- 
men has evolved from experience. 
Specimen Specifications for Applica- 

tion of Coating and Wrapping 
(Herein Called “Protective 
Coating”) on Pipe Line 
a. General: 


1. These specifications are intended 
to cover the complete application of 
the “protective coating,” and neither 
anything herein contained nor the 
omission of any essential provisions 
herefrom shall be construed to relieve 
CONTRACTOR of any duty or obliga- 
tion necessary for the complete appli- 
cation of said “protective coating.” 


2. All work to be done hereunder 
by CONTRACTOR shall be conducted 
diligently, continuously, and in good 
faith, in a thorough, careful, skillful 
and workmanlike manner, in full ac- 
cordance with good pipe line construc- 
tion practices, and to the complete 
satisfaction of COMPANY inspectors. 


3. All pipe shall be cleaned, primed, 
enameled, and wrapped in the field, 
using traveling type machines prop- 
erly designed for the work to be done 
and approved by the COMPANY. 
CONTRACTOR shall furnish all 
equipment, labor and supervision, and 
all other expense, including royalties 
for equipment used for cleaning, prim- 
ing, enameling and wrapping of all 
pipe, vent pipes, valves, fittings and 
connections in accordance with speci- 
fications. 

4. The work shall consist of ma- 
chine and hand cleaning the pipe, 
priming the pipe with coal tar primer, 
application of a ;*;-in. average coating 
of coal tar enamel, application of a 
glass fiber reinforcing and/or a 15-lb 
coal tar impregnated felt wraper, elec- 
trical inspection for presence of holi- 
days and repair of holidays, using ihe 
aforementioned coal tar coating and 
wrapping materials. 





5. The general specifications of the 
materials being supplied by the COM- 
PANY are as follows: 

(a) Enamel: 

(b) Primer: 

(c) Reinforcing: 

(d) Shield: 

b. Handling Coating Materials and 
Coated Pipe: 


1, Coating materials consigned to 
the job shall be properly stored to pre- 
vent theft, damage, or deterioration. 


2. Primer paint shall be kept in 
CONTRACTOR’s warehouse, and 
only the daily requirements may be 
strung on the right of way. Drums are 
to be kept closed to prevent entrance 
of rain water, dirt, or loss of solvent. 


3. Asbestos felt and glass fiber 
wrapper shall not be strung along the 
right-of-way, but shall be transported 
along the line in a covered conveyance 
and removed as needed, directly from 
the conveyance to the wrapping ma- 
chine. 

4, The coating and wrapping ma- 
terials shall be hauled in such manner 
as to prevent injury to packages. No 
packages shall be dropped or thrown 
from trucks, and packages shall not 
be handled with hooks. All rolls of 
glass fiber reinforcing and/or felt 
wrapper shall be stored on end in a dry 
place, kept from contact with concrete 
flooring and protected from the weath- 
er. Any such materials, which in the 
opinion of COMPANY’S inspector 
show evidence of deterioration while 
in CONTRACTOR’S custody due to 
weathering or any other cause, wheth- 
er similar or dissimilar, may be re- 
jected by COMPANY and the cost of 
same deducted from final payment to 


CONTRACTOR. 
5. Coated pipe shall be handled at 


all times with wide non-abrasive can- 
vas or leather belts, or other equip- 
ment designed to prevent damage to 
the coating. All such equipment shall 
be kept in repair so as to prevent in- 
jury to the coating. The use of tongs, 
bare pinchbars, chain slings, rope 
slings without canvas covers, canvas 
or composition belt slings with pro- 
truding rivets, pipe hooks without 
proper padding, or any other handling 
equipment found to be injurious to 
the coating shall not be permitted. All 
skids used to support coated pipe shall 
be padded. Walking on the pipe shall 
not be permitted. 


c. Cleaning and Priming: 


1. In preparation for the applica- 
tion of primer, pipe shall be cleaned 
until free from all loose mill scale. 
rust, scale corrosion products, pipe 
coating, dirt. grease, moisture, or 
other foreign material. Grease or 
heavy oil shall be removed with a 
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volatile solvent. Loose rust, mill scale, 
dirt, etc., shall be removed to satisfac- 
tion of COMPANY inspector by me- 
chanical cleaning machiné using im- 
pact wheels and/or knives and wire 
brushing sufficiently to remove all ma- 
terials other than tightly adhering mill 
scale or primer. All “used” or “sec- 
ond-hand” pipe shall be cleaned first 
by one pass of the mechanical clean- 
ing machine and coated with thinned 
primer (a solution of.one part coal 
tar pipe line primer with between 
three to five parts—as stated in the 
purchase order—thinner added), and 
then cleaned with a second operation 
of the mechanical cleaning machine 
and primed with a regular coat of coal 
tar pipe line primer. All “new” pipe 
shall be cleaned with a minimum of 
one operation of the mechanical clean- 
ing machine and primed with a regu- 
lar coat of coal tar pipe line primer. 

2. Cleaning and priming operations 
shall be performed over the ditch be- 
fore application of enamel and wrap- 
per. which are to be applied also over 
the ditch. The thinned and regular 
primers shall be applied by mechani- 
cal brushing machine (immediately 
after the cleaning operations) in a 
thin, uniform coating. leaving no 
drops or runs, and covering the entire 
surface of the pipe. Any holidays or 
unprimed places revealed by inspec- 
tion shall be reprimed immediately : 
any flooded areas or primer applied on 
improperly cleaned pipe shall be cut 
down to the surface of the pipe and 
reprimed. Application of primer dur- 
ing a rain or when pipe is wet shall noi 
be permitted. Sufficient time shall be 
allowed for primer to dry before sec- 
ond cleaning and priming operation 
or application of enamel. Primer shall 
be kept in closed containers when not 
in use to prevent entrance of dirt or 
rain water, or loss of solvent. Coal tar 
primer thinner is to be used for thin- 
ning coal tar pipe line primer. 

3. Freshly primed pipe shall be sup- 
ported so that it will not come in con- 
tact with dirt and weeds; and traffic 
that raises excessive dust along the 
windward side of the primed pipe shall 
be prohibited. Any pipe allowed to 
stand overnight or to become wet after 
cleaning and before priming shall be 
recleaned before priming. All pipe 
that has accumulated an excessive coat 
of dust before the primer is dry or that 
has been exposed to the weather for 
more than 48 hr after priming or be- 
come “dead” in the opinion of COM- 
PANY’S inspector, shall be reprimed 
before application of the enamel. . 

b. Melting the Enamel: . 

|. Coal tar pipe line enamel shall 
le cut up on a platform or other-place 
free from dirt, weeds, or other forms 
of contamination and hauled to the 
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heating pots in clean truck beds. The 
broken enamel shall be placed in a 
clean. metal melting pot and heated on 
reduced fire to the application tem- 
perature without reaching a tempera- 
ture at any point in the pot in excess 
of manufacturer’s recommendations. 
Melted enamel shall be stirred con- 
tinuously or at least once each 15 min- 
utes during the heating period with 
metal agitators (wooden paddles or 
sticks shall not be used). Mechanical 
agitated thermostat controlled heat- 
ing pots are to be used if available to 
CONTRACTOR. 

2. All melting pots shall be cleaned 
whenever coke or other deposits form 
on the heating surfaces. If melting pot 
equipped for continuous operation is 
used, constant stirring is necessary to 
prevent local overheating. All enamel 
heating kettles shall be equipped with 
thermometers of range suitable for the 
temperatures to be encountered, and 
the melted enamel shall be maintained 
at temperatures as specified during 
application. Any enamel that has been 
heated in the kettles to a temperature 
in excess of manufacturer’s recom- 
mendations shall be condemned and 
dumped, and all enamel so condemned 
shall be chargeable to the CONTRAC- 
TOR. 

3. Enamel drawn from the kettles 
shall be strained through a 1/16-in. 
mesh strainer, so located that it can 
be readily cleaned. 


e. Application of the Enamel: 

The enamel shall be applied by the 
machine method to the clean dry sur- 
face of the primed pipe at a temper- 
ature which, in the opinion of COM- 
PANY’S inspector, produces best re- 
sults and not below the minimum tem- 
perature at which the enamel will fuse 
with the primer on all sides of the pipe 
to form a coating that cannot be peeled 
from the pipe. (Minimum application 
temperatures depend upon atmos- 
pheric temperatures, weight of the 
pipe, and conditions of application.) 
The enamel shall be applied in one or 
more coats in such a manner that a 
continuous tightly adhering film of 
enamel with an average thickness of 
3/32-in. shall cover the entire surface 
of the pipe. Thickness and uniformity 
of the film shall be determined by 
means of visual inspection. All coat- 
ing shall be subjected to electrical holi- 
day detector test for continuity. 

f. Application of the Wrapper or 
Wrappers: (Cross out one not apply- 
ing under contract. ) 

1. Single coat and wrap: Imme- 
diately following the application of 
the enamel and before the enamel is 
cold, the glass fiber reinforcing shall 
be applied over the enamel in a uni- 
form spiral wrap with a spiral wrap- 
ping machine in such a manner that 


the glass fiber reinforcing wll he 
drawn into the hot enamel, c:usin 
enough enamel to penetrate through 
the glass to furnish a layer of ¢iamel 
over which a 15 lb coal tar innpreg. 
nated pipe line felt wrapper shall be 
applied spirally by the same machine 
in such a manner that the latte: wrap. 
per is in contact with the entire out. 
side surface of the enamel. 

2. Double coat-double wraj: \w. 
mediately following the application of 
the enamel and before the enamel js 
cold, the glass fiber reinforcing shall 
he applied over the enamel in a wi. 
form spiral wrap with a spiral wrap. 
ping machine in such a manner that 
the glass fiber reinforcing will be 
drawn into the hot enamel. This wil] 
be followed immediately with a sec. 
ond coat of hot enamel, followed by a 
spiral wrap of 15-lb coal tar impreg- 
nated pipe line felt wrapper applied 
with the same machine over the en- 
amel in such a manner that the wrap- 
per is in contact with the entire outer 
surface of the enamel. 

3. The overlap at the edges of ihe 
wrappers shall not be less than 14 in. 
and not more than | in. No wrinkling 
in the wrappers shall be allowed, and 
all end laps shall be cemented down 
with hot enamel to secure a firm wrap- 
ping. All torn, abraded. or mutilated 
spots in the pipe coating shall be re- 
paired, to the satisfaction of COM- 
PANY’S inspector and in accordance 
with the above specifications. All coat- 
ing operations shall be subject to the 
aproval of COMPANY inspector. who 
shall cut samples from the coating 
from time to time for determination of 
thickness and bond of coating. After 
the coating and wrappers have been 
applied, a test with an electric holiday 
detector will be made, and all coating 
defects. damaged areas, and holes 
(necessary for the inspection of the 
coating) shall be patched by the CON- 
TRACTOR or as directed by COM- 
PANY’S inspector. 

g. Application of Multi-Layer Re- 
inforced Coating: 

1. All pipe to be placed inside of 
casings, across streams and swamps oF 
other locations where the coated pipe 
is to be pulled or pushed into position. 
shall have three coats of enamel and 
three wraps of glass fiber reinforcing 
(enamel and wrapper to be applied in 
alternating layers) applied to individ- 
ual joints of pipe before welding ot 
making up into a continuous section 
as indicated in detail in Exhibit — 
and/or described herein. 

2. Multi-layer reinforced coating 
shall be applied by rotating the pipe 
and applying three alternate coats of 
enamel, 2/32-in. average thickness. 
and three spiral wraps of glass fiber 
reinforcing, each completely sulmer- 
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When you are: looking for speed increasers with a 
combination of features that assure many years of 
trouble-free operation, you will find that Farrel units 
fill the bill. 


The first to be developed in a standard series, these 
units have been proved in pipe-line pumping service 


since 1932. All of the units installed then and since 
are still in operation, performing as well as on the day 
they were put into service. 


Before you specify gear units, look into the many 
advantages of the Farrel design. For full information, 
send for Bulletin No. 448. No.obligation. 


FARREL-BIRMINGHAM COMPANY, INC., 344 Vulcan St., Buffalo 7, N.Y. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y. Sales Offices: Ansonia, Buffalo, 
New York, Boston, Pittsburgh, Akron, Detroit, Chicago, Los Angeles. 
OIL FIELD REPRESENTATIVES—Hercules-Lupfer Engine Sales Co., 124 N. Boston St., Tulsa 1, Okla. 
V. W. Osborne, 822-A M & M Building, Houston 2, Texas. 
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JOINTS 
for 
LESS MONEY 


The reason WEDGE Chill Rings 
with the patented SPLIT Feature 
produce STRONGER joints is 
because they REINFORCE the 
joints—making them the strongest 
part of the line. Because the joints 
are reinforced.it is possible to 
SAFELY use thin wall pipe, you 
reduce costs in several ways. 








WEDGE Chill Rings enable you to 
weld faster with less labor and the 
use of thin wall pipe makes very 
substantial savings for pipe and 
also reduces cost of freight and 
laying. Save money and get 
STRONGER joints on pipe and 
refinery lines. It will pay to investi- 
gate. 


Write for Information 


WEDGE PROTECTORS, INC. 


3977 Jennings Road, Cleveland 9, Ohio 


YWEDGE | 


) Spd CHILL RINGS | 
PSAVE MONEY § 











ged in the preceding coat of hot en- 
amel. Rotation of the pipe may be ac- 
complished by use of portable devices 
for this purpose or by yard-type coat- 
ing equipment that rotates the pipe. 
Additional protective rings built up 
of five layers of glass fiber reinforc- 
ing. single wrapper width, continu- 
ously wound over the coating and 
saturated with hot enamel during ro- 
tation, shall be applied at intervals of 
approximately 5 ft. Uncoated apace 
remaining after welding joints or mak- 
ing up collars shall be hand-coated 
and shall include coating and rein- 
forcing equal to the maximum adja- 
cent coating. Also, during the move- 
ment of the pipe into the casing, fine 
clay muck or other lubricant, ap- 
proved by COMPANY’S inspector, is 
to be crowded or poured into the cas- 
ing against the pipe. 

3. Where pipe is to be installed in 
casing with patented casing spacers 
and bushings as supplied by COM- 
PANY, above specifications shall ap- 
ply for coating of pipe, but “protec- 
tive rings” as called for above may be 
omitted. See Exhibit—— for details. 
h. Coating of Valves and Fittings: 

All valves and fittings to be buried 
shall be cleaned free of loose mill 
scale, rust, dirt, grease, moisture, or 
other foreign substance, and then 
primed with a regular coat of coal tar 
primer. Two coats of enamel shall 
then be applied in such a manner that 
the minimum thickness of coating is 
3/32 in. This coating shall be tested 
with a holiday detector and all de- 


' fects repaired. 


i. Preparation of the Ditch, Lowering 
Coated Line. and Backfilling Ditch: 
1. All brush, skids, pipe, pipe pro- 
tectors, rocks, large clods, sticks, pro- 
jecting rocks, and other hard objects 
shall be removed from the bottom of 
the ditch into which the coated and 
wrapped pipe line is to be lowered, so 
that the protective coating will not be 
punctured or abraded. An excavation 
shall be made beneath the pipe, at the 
point where it is supported by a belt. 
without damage to the coating. The 
ditch shall be made wide enough. 
where slack loops are lowered into the 
ditch, so that no coating is rubbed off 
on the sides. Whenever the bottom of 
the ditch contains projecting rocks or 
hard objects that might puncture the 
protective coating, the bottom of the 
ditch shall be padded with a minimum 
of 3 in. of backfill material free of 
hard objects that might damage the 
coating. 
2. The’ coated and wrapped pipe 
line. except for slack loops, which shall 
be supported by wide non-abrasive 
canvas or leather belts, or by padded 
timbers in sufficient number that the 
pressure at the point of support will 


not cause puncture of the couting, 
shall be lowered to the smooth bottom 
of the ditch immediately after the 
coating and wrapping have beri ap. 
plied. Wide non-abrasive canvas 0; 
leather belts shall be used in ai! low. 
ering of the pipe line. The CON’! RAC. 
TOR will lower said line in sich a 
manner as will provide, in the opinion 
of COMPANY’S inspector, suilicient 
slack in said line. The line shou!d not 
be dropped or subjected to jar and 
impact. Slack loops, which have been 
supported on padded timbers (sacks 
partly filled with straw, sand, sawdust. 
or loose earth, free from all hard ob. 
jects, may be used for padding). shall 
be lowered in the early morning or at 
night when the pipe is cool. 


All coated and wrapped pipe, which 
has been supported in any manner on 
padded timbers or lowering-in de- 
vices, shall be subjected to a test with 
an electric holiday detector imme. 
diately before the pipe reaches the 
bottom of the ditch. 


3. Whenever backfill material con- 
tains hard clods, rocks, or other hard 
objects that might puncture the pro- 
tective coating, the backfill material 
(free of hard objects that will damage 
the coating) shall be carefully placed 
around and over the pipe by hand 
shoveling until the pipe has been cov- 
ered to a depth of at least 6 in.; the 
remaining cover may contain rocks 
and hard objects, and may be back- 
filled into the ditch in the usual man- 
ner. Rock, wood, and vegetable matter 
are to be excluded from backfill ad- 
jacent to pipe. 


4. Ditches shall be backfilled imme- 
diately after lowering the coated and 
wrapped pipe into the ditch. 

j. Operation of Holiday Detector and 

Electrical Test: 

1. The COMPANY will furnish a 
holiday detector, which shall be run 
over the finished coating at a distance 
behind the coating and wrapping ma- 
chine sufficient to allow the coating 
materials to cool and harden, and to 
allow the satisfactory operation of the 
detector. CONTRACTOR shall fur- 
nish all labor and transportation to 
operate detector. 

2. Pipe coating will be tested by the 
COMPANY for electrical resistance. 
after backfilling, with a direct current 
supply to establish a potential not ex- 
ceeding three volts between soil and 
pipe. Coated pipe, showing average 
resistance of less than one megohm 
per sq ft, will be checked for defects 
with a Pearson Holiday Detector. Cos! 
of repairing coating defects will be 
charged to the CONTRACTOR when 
the cause of such defects originates 
from carelessness or negligence 0! the 


CONTRACTOR. ke 
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Fully Automatic Electric Powered Crude 


Oil Gathering Stations” 


F. H. WARREN? 


partment of our company was con- 
fronted with a problem of designing a 
gathering system to serve an oil field, 
the production of which was increas- 
ing rapidly due to water flooding. 
Specifically, it was the old Siggins 
poel in Clark and Cumberland coun- 
ties of southern Illinois. Originally a 
gathering system was constructed and 
a discharge line laid to a tank farm 
just north of the town of Casey, Illi- 
nois. Until the main trunk line of The 
Ohio Oil Company was completed 
east of Martinsville in late 1906, the 
crude was shipped in tank cars to the 
Standard Oil refinery at Whiting, 
Indiana. Our company constructed a 
pipe line to our Martinsville, Illinois, 
tank farm in 1906 and operated it 
until early in 1941 when it was taken 
out of service because of bad pipe and 
greatly reduced volume. By that time 
the production had dwindled to less 
than 100 bbl per day, and a local con- 
tractor was engaged to truck the oil to 
Martinsville. 


Early in 1943 a water flooding proj- 
ect was started. By midsummer, 1945, 
crude production was approaching 
600 bbl per day and it became evident 
that the old gathering system would 
have to be reconditioned and put back 
into service. 

A survey revealed that the original 
held station was improperly situated 
and a new station site was selected. 
The old gravity system was revamped 
and is shown on the accompanying 
map. One line of the main trunk lines 
between Wood River and Martinsville 
carries Illinois Basin crude and passes 
within approximately 3 miles of the 
new station site. It was therefore de- 
cided that the oil should be injected 
into the Illinois Basin stream at that 
point. The operator of the water flood 
project was in the process of electri- 
fying his operation. The power com- 
pany at that time was building a 
transmission line into the area with 


*Presented before the Petroleum Mechanical 
Engineering Conference of The American So- 
ciety of Mechanical Engineers, Amarillo, Texas, 
Octobe: 3-6, 1948. 

iGencral Superintendent, Eastern Division, 
The Ohio Oil Company, Pipe Line Department, 
Findlay, Ohio. 


In the fall of 1945, the Pipe Line De- _ 
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ample capacity to serve us. We there- 
fore decided to construct an electric 
pump station, and furthermore to 
make it completely automatic. 

The schematic arrangement of 
equipment used in the original auto- 
matic field station is shown in Fig. 1. 
A photograph of an installation is 
shown in Fig. 2. An air separator was 
installed in the gravity line from the 
field in order to take care of those 
cases when air is accidentally drawn 
into the lines. The separator tank is 5 
ft in diam and 7 ft high, having a par- 
tition plate extending approximately 
41% ft up from the bottom dividing 
the separator into. two oil-tight com- 
partments. A small Roots-Connersville 
blower driven by a 3-hp motor, was 
connected to the top of the air sep- 
arator to pull out any air that might 
accumulate. A rotary transfer pump 
of approximately 200 bbl per hr capac- 
ity driven by a 5-hp motor was in- 
stalled to pump the oil from the air 
separator to a 5000-bbl storage tank. 
A 4 by 6 pump driven by a 20-hp mo- 
tor became the discharge pump. On 
the more recent installations, a sump 
has been added with a small capacity, 
float-controlled sump pump. In case 
of excessive leakage, such as a blown 
gasket, the sump will fill up and cause 
a second float to shut down the entire 
station. All motor controls and elec- 
trical equipment are of the open type 
and are installed in a vapor-tight 
room. ; 

Since Casey station was to inject oil 
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DISCHARGE PUMP 


into the main trunk line, it would be 
necessary for the dispatcher to know 
the quantity of oil delivered into the 
system each hour. It was decided that 
for line dispatching purposes the out- 
put of a constant speed piston pump 
would be sufficiently uniform to indi- 
cate the quantity of oil pumped if 
some reliable means of recording the 
amount of time the unit operated could 
be devised. In order to record the op- 
erating time a remote reading pres- 
sure gauge was installed with the re- 
ceiving instrument in the gauger’s 
office at Martinsville some 7 miles 
distant. The electric circuit for trans- 
mitting the pressure impulses was 
superimposed on the company-owned 
telephone line that parallels the pipe 
line at this point. The receiving instru- 
ment at Martinsville records the pres- 
sure on a continuous chart. The 
Martinsville gauger has merely to 
note the amount of time Casey op- 
erated the previous hour, convert it 
to barrels pumped, and report it to the 
dispatcher hourly when he turns in 
his own check. 

The principal difference between 
the automatic field station described 
and the ordinary field installation lies 
in the air separator tank. A vacuum 
of approximately 8 in. of mercury is 
maintained in the top of the air sep- 
arator tank at all times, unless the 
tank is filled with oil to a level where 
the switch actuated by float B has shut 
down the vacuum pump. The vacuum 
pump is controlled by vacuum switch 
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\, and a mercoid tube switch actuated 
by float B connected in series with ihe 
motor starter control circuit. The-vac- 
uum in the air separator must be below 
the value at which switch A closes, 
and float B must be in its lower posi- 
tion before the vacuum pump motor 
will start. The vacuum pump motor 
will shut down, however, when either 
the vacuum or the liquid level has been 
established. 

In operation, the field gauger turns 
lease tanks on in the usual manner. 
and there being a vacuum in the air 
separator, oil from the field flows into 
the separator, over the partition plate. 
and fills compartment No. 2 contain- 
ing two floats, B and C, which actuate 
switches having multiple mercoid 
tubes. When compartment No. 2 has 
filled to approximately the height of 
the partition plate, float B starts the 
transfer pump. If the vacuum pump 
was running at this time float B also 
simultaneously shuts down the vac- 
uum pump. Unless air has entered the 
eravity lines, the liquid level in the air 
separator will generally continue io 
rise, and in the case of lease tanks 
elevated considerably above the sta- 
tion, the oil will completely fill the 
separator tank. In order to prevent oil 
going over through the vacuum pump, 
a normally closed solenoid operated 
valve is installed in the vacuum line. 
he solenoid of this valve is connected 
in parallel with the vacuum pump 
motor and remains open only while 
the vacuum pump is operating. The 
transfer pump continues to operate 

















Siggins pool gathering system. 


until the oil in compartment 2 drops 
below the center line of float C, which 
breaks the holding coil circuit of the 
transfer pump motor starter and shuts 
the transfer pump down. Float C will 
not start the transfer pump; it merely 
maintains the holding coil circuit after 
switch actuated by float B has com- 
pleted the circuit. A check valve is 
installed on the discharge side of the 
transfer pump. 

After the oil level has reached a 
predetermined height in the 5000-bb! 
storage tank, float switch E causes the 
discharge pump to start. A normally 
PUMP ase J] sags open solenoid bypass valve D is in- 
STATION = k stalled between the discharge pump 

io and a check valve. This solenoid by- 
pass valve is connected in parallel with 
3 the discharge pump and performs two 
functions. It opens the instant the dis- 


| charge pump shuts down, allowing the 
eas a pressure in the pump to drop quickly 




































































” : and thus inform the gauger at Martins- 
4” DISCHARGE TO ville that Casey station has gone down. 
ri4w When the discharge pump staris up 
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valve D remains open until the motor 
sre attained full speed. This is ac- 
complished by means of a time delay 
relay. The discharge pump is driven 
by a normal torque, normal starting 
current squirrel cage motor. The unit 
comes on the line without difficulty 
against pressures in excess of 500 psi. 


The automatic stations are under the 
direct care of the field gauger in 
charge of the district. He gauges the 
storage tank every week day at 7 a.m. 
and telephones the gauge into the of- 
— He changes a recording pressure 

gauge chart, inspects the equipment 
ail ‘keeps the station presentable. Our 
electrical department checks the equip- 
ment about every two months to make 
any necessary adjustments. Availabil- 
ity has been virtually 100 per cent. 


The first automatic electric field 
station went into operation in Decem- 
ber, 1945. Production handled by this 
station has increased from approxi- 
mately 600 bbl to more than 2000 bbl 
per day. The original 20-hp motor has 
been replaced by a 30-hp motor and 
the pump speeded up from about 70 
bbl per hr to approximately 140 bbl 
per hr. A 10-in. stroke pump is on 
order to replace the original pump. 
\n additional transfer pump to be 
started and stopped from float B will 








Nearly One Billion Invested by Gas Utilities 


The gas utilities spent $875,000,000 on expansion of facilities |c.} 
year, a new record high for the industry. It is estimated that these expenci- 
tures would have passed the billion dollar mark, except for shortages of 
steel and other vital materials that restricted the planned programs of t!:< 
gas utilitites. Last year an estimated 1,950,000 tons of steerwere required 
for the construction of the 8500 miles of natural gas pipe lines authorized 
by the Federal Power Commission. About 3,675,000 tons of steel cre 
needed to complete the additional 14,600 miles of pipe line for which 
certificates were pending before the Commission at the end of the year. 








soon be installed to take care of peak 
loads but no other changes are in- 
dicated. We now have six completely 
automatic stations in operation and 
two semi-automatic installations, using 
only a portion of the original set-up. 


When the engineering department 
first proposed this system, there was 
considerable doubt in our minds as 
to the advisability of maintaining a 
vacuum in the air separator. In actual 
practice, however, we find the vacuum 
pump operates only a few seconds 
when oil is first turned on and will 
seldom average more than 10 or 15 
minutes operation per day. Automatic 
shut-off valves were installed at ap- 
proximately one-third of the tank bat- 
teries and have proved to be quite an 


effective means of keeping air vut of 
gravity lines. We feel some automatic 
shut-off valves are required for best 
results with this type of installation. 


The automatic electric stations have 
been much more economical than the 
older type of station, utilizing engine 
driven pumps. In most cases the power 
cost has been less than the cost of fuel, 
lubrication, and repairs of engine 
driven pumps. There has been a slight 
reduction in manpower. The district 


gauger’s job has been made easier be. 


cause oil comes out of the lease tanks 
much faster. Evaporation loss has 


‘been reduced considerably. The first 


cost of the stations is quite reasonable 
and maintenance expense has been 


very low. kk 
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CLEVELANDS 


ON THE PIPE LINE TRENCHING JOBS 





. for the records on hundreds of oil field projects— 
long and short lines—have proved beyond question 
that CLEVELANDS have the necessary characteristics 
to carry through in the toughest going and deliver 
continuous, dependable, uniform performance. And 
some of the reasons why are to be found in CLEVE- 
LANDS correct, full wide crawler wheel-type design 
—superior all-welded, sturdy unit-type construc- 
tion—wide range of transmission-controlled speed 
combinations giving the operator always the best, 
safest and fastest speed for the work at hand—and 
ample, smooth flowing power, correctly applied. 
See your nearest CLEVELAND distributor for com- 
plete information and specifications. 
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A Case History of 


Some Pressure Surges” 


C. B. LESTER‘ 


Tuis paper presents some interesting 
facts regarding pressure surges on a 
section of a 240-mile, 12-in. crude oil 
pipe line between Stoy, Illinois, and 
Lima, Ohio. The following descrip- 
tion of some of the general operating 
conditions should enable the reader io 
understand the factors associated with 
the analysis of the surge problem. The 
main pump stations are largely diesel 
engine driven centrifugal pump units 
and the alternate stations or booster 
stations are largely electric driven cen- 
trifugal pumping units. The entire 
line operates as a closed system; how- 
ever, the line is paralleled by a 6-in. 
pipe line using reciprocating pumps 
and operating as an open system with 
tankage at each station. This tankage 
can be used in an emergency for the 
12-in. line and also for purposes of 
“pressure relief’ from the 12-in. line. 


This paper is particularly concerned 
with the first section of the line be- 
tween Stoy pump station and Coal 
City, a section abeut 46.5 miles long. 
The line is telescoped from 45.55-lb 
pipe to 39.89-lb pipe, and has a 12-in. 
loop, a little over three miles long, at 
the Stoy end. The geographical loca- 
tion of this section of the line, show- 
ing the location of the different 
weights of pipe, is shown on Fig. 1, 
together with the operating conditions 
for both stations. When this line was 
first built, the Illinois oil fields were 
approaching their maximum flush 
production, and the line was so ur- 
gently needed that it was placed in 
service without the customary water 
test. After operating satisfactorily for 
a short time, several joints of pipe 
ruptured at various pressures, and it 
was then decided that it would be 
necessary to water test the entire line. 
The oil fill was displaced with water, 
the line tested to 1250 psi, and then 
placed back in regular operating serv- 
ice. After operating for nearly a year, 
failures were experienced coincident 
with electric power failures at the 

ooster stations, which caused an in- 
Sstantaneous shut down at these sta- 


*Presented before the Petroleum Mechanical 
Engincering Conference of The American So- 
Clety of Mechanical Engineers, Amarillo, Texas, 
Octob« 3-8, 1948. 

‘Schio Pipe Line Company. 


tions. This type of failure caused an 
immediate increase in the hydraulic 
gradient over a substantial portion of 
the line, and pressure surges of the 
water-hammer variety were naturally 
suspected. In view of the recurrence 
of the trouble, it was evident that a 
study should be made and steps taken 
to prevent similar failures in the fu- 
ture. The following is a report and an 
analysis of the character of long line 
pressure surges and the measures 
taken to alleviate them. 


Theory, Bench Scale Work 


First, a study was made of all avail- 
able literature concerning water-ham- 
mer. It was quite surprising to find 
that nearly all published data were 
either the results of bench scale iests, 
or results of tests run on relatively 
large diameter conduits, such as pen- 
stocks, aquaducts, etc. There was some 
work of interest to plumbers and 
building architects, perhaps, on elimi- 
nation of water-hammer in building 
piping, but nothing in the way of 
practical information that would be 
of any use to a pipe line operator. 


The theory of water-hammer is 
familiar to anyone who has had work 
in hydrodynamics; the velocity of a 
stream of liquid is changed by some 
interruption to flow, and the kinetic 
energy represented by the change in 
velocity of the fluid column is dissi- 
pated in compressing the fluid and 
stretching the walls of the carrier pipe. 


The theory was developed thor- 
oughly and published by a Russian, 
Professor Joukovsky, in 1898, and 
workable condensations of his find- 
ings are now standard in most hydrau- 
lic texts. The basic equation is: 


wALv? _ (wh)#AL , (wh)LAD 


» Bi 2E, 2tE, 





(1) 


The first term represents the kinetic 
energy of the liquid column due to a 
velocity “v,” the second term is the 
work required to compress a fluid 
with a bulk modulus “E,,” and the 
third term is the work required to 
stretch the walls of a pipe made of a 
material with a modulus “E,.” This 
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FIG. 1. Geographical location and 
data on Stoy-Coal City section. 


equation can be solved for “h,” the 
rise in head at the point of interrup- 
tion to flow, to give: 


12v 


h= (“GG ~e) 
g g \E, Et (2) 
with moduli expressed in psi. 


Formula (2) can be more easily 
visualized if rearranged as: 





___Vowa 





° 144g (3) 
Where: 
P, = value of the surge pressure 


at the point of interruption, psi. 

w = density of the liquid. lb per cu 
ft. 

a= velocity of the surge wave 
front, fps. 

Vv) — change in velocity of flow, fps. 

g = gravitational constant. 

The change in velocity can be cal- 
culated by: 


awe . «+ . (4) 
The velocity of the pressure wave 
front, equal to the speed of sound in 
the line, can be calculated by: 
/E 
w 


08 


This “simplification” is merely a 
rearrangement of equation (2), but is 
more easily used. This entire deriva- 
tion wes copied almost directly from 
the 1927 edition of Hydraulics by 
W. H. King and C. O. Wisler. 


Bench scale experiments were set 
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FIG. 2. Recorders. 


up to develop instruments for field 
use and to ascertain whether con- 
trolled bench scale tests would confirm 
the foregoing formulae. Special elec- 
tric and electronic instruments were 
used to insure accuracy, and it was 
found that for short sections of pipe 
with relatively large L/D ratios, the 
theory checked excellently with bench 
scale experimental data. 

\rrangements were then made to 
set tested Bourdon tube pressure 
gauges on the suction side of Coal 
City station, and readings of the rise 
in suction pressure due to changes in 
line flow caused by instantaneous 
shutting down of individual pump 
units were plotted. Fair correlation 
with theory was obtained, and a re- 
port was made, recommending fur- 
ther work. 


Field Tests 


Kven though this line was operating 
at maximum capacity under wartime 
conditions, authority was given to per- 
form any necessary experiments on 
the line itself to obtain whatever in- 
formation was required to eliminate 
interruptions to service due to pres- 
sure surge induced ruptures. 

First, pressure taps were put on 
the Stoy-Coal City section at distances 
of 3.00, 7.65, 15.00, and 27.00 miles 
from the suction of Coal City station. 
corresponding to a more or less loga- 
rithmic spacing. 

Our laboratory experiments indi- 
cated that pressure surges, at least on 
bench scale lines, had very sharp wave 
fronts. Also, in the experiment at Coal 
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City previously mentionea, it was 
noted that Bourdon tube gauges, 
which, of necessity, have a high ele- 
ment inertia, tended to overshoot very 


_badly; whether this was due to actual 


overshooting of the gauge itself, or 


to the passage of a sharp-crested wave. 


front, was not known. 

Based on the above observations, it 
was decided that some sort of instru- 
ment with essentially no inertia should 
be used to ascertain whether there 
actually was a sharp wave front on 
the pressure surges induced in ihe 
pipe when pump units at a station 
were shut down. For a pressure ele- 
ment, a Baldwin-Southwark SR-4 
strain gauge was cemented directly io 
the pipe wall. For an indicator, the 
output of the strain gauge bridge was 
fed into a Brush direct-inking oscillo- 
graph. As the bridge was fed with 60- 
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FIG. 3. Pump operating conditions. 





DISCHARGE 





FIG. 4. Schedule of operations 
for shutting down units at 
Coal City 
Saturday, November 4, 1944 


Sunday, November 5, 1944 
Monday, November 6, 1944 


Operation Time 


1. Shut down No. 4 Unit. 9:00 a.m. 
2. Restart No. 4 Unit__.. . 9.30 a.m. 
3. Shut down No. 4 Unit 9:45 a.m. 
4. Shut down No. 1 Unit 10:15 a.m. 
5. Restart No. 1 Unit 10:45 a.m. 
6. Shut down No. 1 Unit 11:00 a.m. 
7. Shut down No. 2 and 

No. 3 Units together 11:30 a.m. 











cycles a. c., it was felt that any surge 
crests in the order of 0.01 sec 0; less 
would be faithfully indicated. 

To eliminate the human eleme:;: as 
much as possible, strain gauges ‘vere 
used at the other pressure taps ‘ved. 
ing into a Foxboro SR-4 strain « suge 
recorder. This instrument has a + hart 
speed of 1 rpm per 24 min, 60 iimes 
faster than a standard pressur: re. 
corder, and the instrument moveinenj 
is very powerful and positions -juite 
rapidly. 

The construction of the pressure 
element used with the Foxboro record. 
ers is shown on Fig. 2. A tank was 
made from 6%¢-in. by 0.188-in. Grade 
B line pipe with 114-in. end plates 
welded in. Calibration curves were 
run on these tanks, which indicated 
that a straight line calibration curve 
could be obtained, and that there was 
little, or no, hysteresis present: an) 
hysteresis that might have been pres. 
ent was eliminated by bleeding ihe 
pressure from the tank and “zeroing 
in” the units before each test run. 

The pump layout at Coal City sta- 
tion is shown on Fig. 3, together with 
normal operating conditions for each 
pump. These pumps were shut down 
in a set schedule designed to give cer- 
tain abrupt changes in flow, thus in- 
ducing surges in the line for test pur- 
poses. This schedule of operations at 
Coal City is detailed in the table of 
Fig. 4. Please note that the entire sta- 
tion was never shut down all at once: 
we were afraid of rupturing the line if 
this was done. 

The entire squence of operations 
as outlined was followed on November 
4, 5, and 6, of 1944. The Foxboro re- 
corders, Brush oscillograph, and as- 
sociated equipment were moved each 
day so that all but the oscillograph 
were set up at each pressure iap at 
least once. 

The amount of data taken was so 


FIG. 5. Two oscillograms of surges. 
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An all purpose pump— 
The Aldrich Inverted Triplex 





Micanwios . . . there’s rugged grandeur in a range of 
mountains—and staying power! 


There’s a similar power in the Aldrich range of high pressure 
pumps. Every industrial or engineering specialist knows that 
machinery must have staying power—the ability to maintain 
top performance and high efficiency over long periods of 
time. They know that interruptions are costly, while staying 
power pays. Aldrich Pumps have that staying power! 


Take a look at the Aldrich design and construction that make 
rugged service easy. Note the plungers above the crankshaft, 
which provide for simplified drive—through speed-reducers 
or by direct coupling to a driver located on the floor. 
Expensive foundations are eliminated. 


Wherever high pressure pumping is required—and Aldrich 
Pumps are used—the result is lasting service. Write now for 
complete technical information. Request Data Sheet 66. 


Representatives: Birmingham °* Bolivar, N. Y. © 
Boston * Chicago * Cincinnati * Cleveland — TH E P U MP Cc  ] M PA N Y 
Denver * Detroit * Duluth * Houston 
Jacksonville * Los Angeles * New York * Omaha 
26 PINE STREET, ALLENTOWN, PENNSYLVANIA 
Philadelphia * Pittsburgh * Portland, Ore. 


flichmond, Ve. * St. touls * San Francieco The FIRST Name in Reciprocating Pumps 


Seattle » Spokane, Wash. * Syracuse * Tulsa 
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large that it would be much too 
lengthy to detail here. The following 
interpretations of the data are signifi- 
cant, and are recaps of more volum- 
nous experimental data sheets. 

In Fig. 5 are shown two oscillo- 
grams of the 11:30 a.m. surge at the 
suction side of Coal €ity and at the 
27.00 mile pressure tap. Two pertinent 
facts can be taken from these two oscil- 
lograms: 

1. The type of surges induced in a 
pipe line by the pumping units at a 
station being shut down does not have 
a sharp crested wave front, or, at least 
there are no peaks so sharp that they 
cannot be faithfully followed by Bour- 
don tube gauges. 

2. There is a severe damping effect 
on the pressure surge as it travels back 
up the line against the normal direc- 
tion of stream flow. Note that the 
11:30 a.m. surge reached its maxi- 
mum, Or near maximum, in 7 sec at 
Coal City suction, whereas the surge 
magnitude was reduced and the total 
rise took some 32 sec at the 27-mile 
point. 

This was the first noted variance 
with water-hammer theory. Theory 
makes no allowance for frictional 
damping of the surge, but states that 
the interface travels back up the line 
undiminished until it reaches a point 
of relief, at which point a rarefication 
begins travelling back down the line, 
relieving to normal or below normal 
pressure, until it reaches the point of 
disturbance where the original pres- 
sure surge started. A second surge is 
induced, and the entire cycle repeats 
itself until the kinetic energy of the 
fluid column that induced the original 
surge is dissipated at both ends of the 
line and finally dies away. 

Our experiments indicate that in 
pipe lines used in the oil industry, 
which have such a large L/D ratio, 
molecular friction in the oil and in the 
pipe wall absorb energy from the 
surge so that it continually decreases 
in a set, predetermined manner. 

To ascertain whether the rate of 
pressure decrease was logical and 
calculable, Fig. 6 was plotted. Note 
that on semi-log paper, with pressure 
on the log scale, the plot of surge pres- 
sure vs. distance is a straight line with 
a negative slope, indicating that the 
reduction in pressure with distance is 
a simple exponential function. This 
statement is borne out by later experi- 
ments, which are to be described. 

Insofar as the value of the surge is 
concerned, qualitative correlation with 
water-hammer theory is very good. 
Fig. 7 is a plot of surge pressure vs. 
change in throughput, and is, in all 
three instances, a straight line. 

The quantitative correlation, how- 
ever, is so poor as to be almost negli- 
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gible. For instance, on the night of 
November 3, 1944, while equipment 
was being set up at Coal City, the en- 
tire station was shut down by a power 
failure, resulting in a 315-psi surge. 
and a reduction in throughput of 53.- 
000 bbl per day as indicated by ihe 
flowmeter. Straight line extension of 
the plot in Fig. 7 closely predicts this 
rise in pressure; however, using the 
theoretical method outlined previous- 
ly, taking into account all conditions 
bearing on the problem, and assum- 
ing E, for crude oil as 258,000 psi, a 
pressure rise of only 198 psi should 
be expected. This is a difference of 
some 35 per cent. 

One possible explanation is as fol- 
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lows. All’units at Coal City are cen. 
trifugal pumps, and, as these ): mps 
slow down, there is a drop in si.tion 
discharge pressure. Although th:: sta. 
tion is equipped with check valves, jt 
might be possible that some o: this 
pressure bleeds backward throu: |; the 
pumps to the station suction i! the 
pumps slow down faster than a rarefi- 
cation can be established on the dis. 
charge side. This is controversia!. but 
could be true. We might also be using 
a low value for the bulk modulus. but 
the 258,000 psi figure used would have 
to be considerably low to influence 
the answer to any great degree. 

It was now known that pressure 
surges, over and above the rise in gra. 
dient normally expected, were present 
in the line when sudden variations in 
flow were experienced. As the usual. 
proved way of elimination of surges 
is to use surge chambers, or surge 
tanks, it was decided to try floating a 
tank on the suction of Coal City sta- 
tion. A 10,000-bbl tank, used with the 
open system 6-in. line, was available at 
this station, and necessary manifold 
changes were made to float this tank 
on the 12-in. station suction. The head 
available from the tank was not suff- 
cient to fill pumps No. 1 and No. 4, 
however, which require a very high 
mpsh to fill properly, and the experi- 
ment was abandoned as unsuccessful. 
The solution, even if workable, would 
not have been too satisfactory, for it 
would have meant reverting from a 
closed to an open system, automati- 
cally incurring the inherent stock 
losses and inefficiencies of such a sys- 
tem. 

During this time, another rupture 
had occurred in another section of the 
line, again behind an electric driven 
station, and immediately after the 
‘units had been shut down by a power 
failure. 

Although we had no similar instal- 
lations in our own operations, and no 
knowledge of similar installations in 
use by other operators, orders were 
placed for large relief valves for the 
suction side of Coal City station and 
the other above-mentioned station. 
These valves were specified to handle 
65,000 bbl per day when set at 80 psi. 
without exceeding 100 psi at the inlet. 

It was now known that smaller 
surges would damp out very rapidly. 
and so a set pressure was selected that 
would allow some variation in suction 
pressure, but would still hold surges 
to a 70-psi maximum. By limiting 
surge pressures to a small value, it 
was believed possible to not only pre- 
vent large surges from travelling hack 
up the line for any distance. but also 
to eliminate shock loading of the low 
pressure pipe near the suction of the 
station. Although no ruptures ha 
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heen experienced in the low pressure 
end of this line, it was felt that as the 
pipe aged and was weakened by cor- 
rosion, shock loading of the pipe 
would be troublesome. 

While waiting for these valves to be 
delivered, three spring driven pressure 
recorders with 7-day clocks were in- 
stalled at the 3.06 and 7.65 mile pres- 
sure taps and at the end of the loop. 
approximately 43 miles from Coal 
City suction. The charts from these 
recorders, within the limits of ac- 
curacy of the instruments, gave a good 
record of the maximum value of 
surges produced when Coal City was 
shut down accidentally at various 
times over a 4-month period. Pres- 
sures as high as 1160 psi were found 
at the 43-mile tap, even though the 
discharge pressure at Stoy station 
never rose above 1040 psi; this was 
hecause automatic controllers at Stoy 
station took the station off stream 
automatically at this pressure. The 
data taken were plotted and generally 
fell in a straight line — 5° of the line 
shown on Fig. 6. 


Relief Valves 


The first relief valve was installed 
at Coal City station. It was mounted 
vertically on an 8-in. gate valve and 
nipple welded directly on the 12-in. 
station suction line, about 50 ft from 
the station manifold. The relief line 
was run into the line used in the pre- 
vious experiment when it was attempt- 
ed to float the 10,000-bbl tank on the 
station suction. 

When this valve was ready for test- 
ing, all stations along the line were 
notified to stand by their controls. 
and No. 1 pump unit was shut down. 
The station suction rose to about 75 
psi, but the valve did not blow, and 
so the No. 4 unit was shut down. The 
valve then blew wide open, oscillat- 
ing wildly, and vibrated the station 
manifold piping some 50 ft away. The 
entire valve assembly, weighing ap- 
proximately 1700 lb, osciljated with 
a frequency of about 2-3 cps, and a 
vertical amplitude of about 0.5 in. 
This vibration was so bad that the 
backfill was cracked over the 12-in. 
suction line mounting the gate and re- 
lief valves. This procedure was tried 
three more times, during one of which 
operations, No. 1 and No. 4 units were 
shut down simultaneously, with the 
same results. The vibration was very 
bad, but it was felt that the manifold 
piping was strong enough to withstand 
it for short periods at least. and spe- 
cial instructions for operating it were 
posted. The valve manufacturer was 
informed of the problem and asked to 
supply any information that they 
could hich would eliminate this vi- 
bratio; trouble. 
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It was known that all the require- 
ments of simple harmonic motion 
were met in a relief valve installation 
if certain conditions pertaining to re- 
lieving capacity, relief line friction, 
and valve mechanical construction 
were met. The manufacturer recom- 
mended that a dash pot damping 
mechanism be installed on the valve 
mechanism to limit opening and clos- 
ing speeds, which, it was believed. 
would eliminate this vibration trouble. 
As this construction would have taken 
some time and some design work on 
the part of the manufacturer, it was 
suggested that the resilient force could 
be reduced by installing the valve im- 
mediately adjacent to the tank, thus 
eliminating, or at least considerably 
lowering, the variable back pressure 
on the valve due to friction in the re- 
lief line. 

As the Coal City valve was already 
installed, though not working proper- 
ly, the second valve was installed at 
the second electric booster station 
previously mentioned, with the outlet 
line from the relief valve connected 
directly to the tank through approxi- 
mately 30 ft of 8-in. pipe. The inlet 
line to the valve was some 250 ft long. 
This valve was tested by shutting down 
a 20,000 bbl per day unit at the sta- 
tion, and the valve vibrations experi- 
enced were as bad, if not worse, than 
the vibrations set up by the Coal City 
valve. The tank plate carrying the 
outlet connection was sprung by these 
vibrations and began to leak. Feeling 
that further vibration might eventual- 
ly pull the plate off the tank, it was 
decided to take the relief system out of 
operation by closing the gate valve on 
the inlet, and to request further help 
from the manufacturer. 

Two suggestions were made, both 
of which involved considerable wait- 
ing and shop time, design work, etc. 
One suggestion was that previously 
considered, i.e., to use a dash pot 
damper, the second being to use a pilot 
operated valve. so that the damping 
mechanism could be installed on the 
pilot. It was, therefore, necessary 
either to wait 6 to 8 months for de- 
livery of equipment to effect one of 
the two above-mentioned possible so- 
lutions, or develop some other damp- 
ing method that could be installed 
quickly. Mathematical analysis would 
not account for the extreme vibration 
experienced when the only resilient 
force present in the second installa- 
tion, in addition to the valve spring. 
was a small variable back pressure 
due to friction and the entrance loss 
in the 30-ft length of pipe. It was 
seemingly evident that some other dis- 
turbing force must be present in the 
system. 

It had been noted that the valve 
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body itself, and, of course, the as- 
sociated piping, depressed sharply 
when the valve first opened, and vi- 
brated continuously thereafter. It 
seemed likely, therefore, that if ihe 
oscillatory period of the valve system 
was lowered below the critical point 
by loading the body, oscillation of the 
relief assembly could be eliminated. 
A 4-yard concrete damping block 
was poured under the second valve. 
and, under all operation conditions. 
vibration was completely eliminated. 
\ person standing 10 ft away could 
not hear the valve open, but could 
hear high velocity stream passing 
through it as flow was established. 


The Coal City valve was then moved 
inside the tank dike and installed on 
a damping block, and this change also 
eliminated all vibration. 

With these valves, it has been pos- 
sible to retain all the advantages of 
operating with a closed system, and 
still eliminate all pressure surges of 
any magnitude by limiting the rise in 
suction pressure at these two stations. 


Conclusions 


The above is a case history of some 
experiences with long line pressure 
surges that has developed four inter- 
esting pieces of information that 
should be of use to others who might 
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be experiencing trouble of the «ame 
nature: 

1. Pressure surges are gencrated 
in a pipe line when any variation jn 
flow occurs, the value of these surges 
being directly proportional +. the 
change in throughput in accor:lance 
with predictions made from ~,ater- 
hammer theory. 

2. Although the pressure surves jn. 
duced in the pipe line by variations 
in flow produced by shutting down 
centrifugal pumps are qualitativeh 
predicted by water-hammer theory. 
quantitatively the results obtained do 
not follow theoretical predictions at 
all. Variations produced by shutting 
down centrifugal pumpiig units pro- 
duce surges about 35 per cent higher 
than those predicted by water-hammer 
theory. Bourdon tube gauges will 
overshoot rather badly, but return al- 
most immediately to a reading that 
accurately indicates the maximum of 
the surge crest. 

3. For lines with relatively large 
LD ratios, the value of pressure 
surges diminishes with distance from 
the point of interruption to flow in a 
simple exponential manner. during 
which time the length of the wave 
crest is lengthened. No allowance for 
this effect is made in water-hammer 
theory. 

4. Pressure surges can be elimi- 
nated or so reduced in amplitude as 
to be no longer dangerous by use of 
large relief valves on the suction side 
of the stations introducing the surges. 
To prevent oscillation of these valves. 
which have to handle essentially full 
line flow with low accumulation, it is 
necessary to damp out what would 
otherwise be very dangerous vibra- 
tions by installing heavy damping 
blocks under the valve body to lower 
the period of oscillation of the sys 
tem to a point where full line flow can 
be established through the valve and 
relief line before oscillation begins. 

The use of relief valves represented 
a solution to one particular pipe line 
pressure surge problem. These instal: 
lations could not have been made 
economically if tankage had not been 
available at the stations involved. 

Pressure surges are only one of the 
possible effects that produce stresses 
in pipe lines over and above the nor- 
mal stresses caused by the internal 
working pressure. This study of pres 
sure surges had lead to the study 0! 
other stresses not normally considered 
in design calculations, such as resi¢- 
ual or “locked up” stresses in the pip? 
itself, and stress corrosion. We are 
continuing work on the study of ihese 
stresses, though movement o! this 
work has not progressed far enough 
to justify attempting to formulate col 
clusive answers. at 
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Lease Tank Settings, 


Connections, Operations 


J. C. STIRLING? 


ApproximatELy 34,000 pipe line 
runs are made daily in the United 
States. where the custody of oil passes 
from producers and royalty owners to 
the purchasers and transporters. Even 
though these transactions ring up oil 
sales totaling $15,000,000 daily, there 
is probably less consideration given to 


the economics of lease tank battery 


design, installation, and operation 
than to any other single item of the oil 
industry. 

Because lease tanks and _ batteries 
frequently are improperly arranged 
and equipped to permit correct and 
safe handling of oil runs by the pipe 
line, the importance of a uniform pro- 
cram for setting, connecting, operat- 
ing, and maintaining lease tanks can- 
not be over-emphasized. In the interest 
of both the producer and the pipe line, 
careful attention should be given to 
locating and equipping tanks so as to 
insure accurate handling of produc- 
tion and to protect the safety of pump- 
ers, switchers, and gagers who must 
work on and around the tanks under 
all sorts of conditions. 

I do not choose to go into detail on 
the matter of design, connection, and 
operation of lease tanks. as it would 
to a great degree duplicate work that 
has already been done by various API 
committees. However, I do wish to 
bring to your attention some of the 
possible savings to both producing 
and transportation companies with 
the adoption of better standards and 
hetter practices. 

Table 1 shows the difference in tank 
diameters as revealed by a survey com- 
piled hy company “A” of 511 tanks 
distributed throughout Oklahoma. 
Kansas. and Teras. The tanks were all 





No ! Number of Range of 
tank siv», bbl. different diam. diameters, ft. 
} 41 7.89 to 10.06 
11 9.43 to 10.02 
33 9.24 to 12.07 
24 11.98 to 15.42 
8 10.79 to 15.24 
27 14.76 to 21.59 
TS ie ited before Annual Meeting of the 


Petroleum Insti i inois 
Novemi.. . 3 1948, nstitute, Chicago, Illinois, 


TSte : . Y 1: 
ta d Pipe Line Company, Tulsa, Okla. 


steel, and were taken consecutively ac- 
cording to company numbers. No spe- 
cial effort was made to pick tanks of 
various diameters, and the table in- 
cludes only a portion of diameters 
encountered for each nominal size. 


Although some API committees 
have previously approved and sub- 
mitted a tentative code, No. 12-D, for 
lease tank fabrication, this code is not 
followed by tank manufacturers, who 
advise that tank sizes, as provided in 
Code 12-D, do not, permit the use of 
standard size steel sheets as manufac- 
tured by steel mills and that, to follow 
the code, would result in considerable 
wastage. It appears, therefore. that 
consideration should be given to 
changing sizes of tanks to permit use 
of standard size sheets. thus reducing 
loss to a minimum. 

No record was made of distances 
between tanks; however, the variances 
were comparable to variances in the 
diameters of the tanks. The impor- 


TABLE 2. 





Items needed or Mid-  Texas- 
requiring attention Conti- New East 
nent Mexico Texas Total 
Darts on Merco stops. ‘ 9 ; 12 
Bonnets on gas roller 


valves a ace 7 17 : 24 
Leaking pipe-line stop. 3 8 ; 11 
Sample cocks on tank. 10 22 1 33 
Wooden plugs in shell. 28 6 ] 35 
Seams or lower chime 

leak. . 5 23 28 
Hoops need driving 

wood. . - 5 5 
Visible drain on bleeder 

ee cre : ; 11 87 6 104 
Visible drain inside fire 

wall. . Pen 3 29 4 36 
Visible drain covered 6 27 55 88 
Stop leak on bleeder 

stop... 6 24 30 

82 257 67 406 
Safety 
Clean up inside fire wall 17 74 J 98 
Provide walkway to 

gauge hatch 66 9 68 143 

Repair walkway 3 16 22 41 
86 99 97 282 


Gauging practices 
Locate gauge latch over 

pipe-line connection. 63 1 83 157 
Filling and bleeder con- 

nection next to pipe- 

line connection 364 311 124 799 


427 322 207 956 


Total number of items 595 678 371 1,644 


Number of lease bat- 
teries . 391 446 162 999 
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tance of standardization of the center 
distance for the setting of lease tanks 
should not be overlooked either bythe 
lease operator or transporter. Stand- 
ard center distances will permit the 
prefabrication, installation, or re-use 
of tank headers furnished by the pipe 
line company. 

As an example of the need for better 
standards in lease tank operation. 
company “B” made a survey of un- 
satisfactory conditions in tank bat- 
teries in the Mid-Continent, West 
Texas, New Mexico, and East Texas 
areas, and found the unsatisfactory 
conditions indicated in Table 2. 


In the selection of tanks for lease 
batteries, most operators are inclined 
to specify several small tanks rather 
than fewer tanks of lager capacity. 
Production men advise that this prac- 
tice is to permit removal of a portion 
of a tank battery for use elsewhere 
after the production has declined to 
the extent that all tankage is not 
needed. The economics of larger tanks 
vs. smaller tanks, 250-bbl to 1000-bbl. 
having the same total capacity per 
battery, are shown in Table 3. 

From these figures, we find that the 
initial cost of one high 500-bbl tank is 
approximately 75 per cent of that for 
two 250-bbl tanks. The same is true in 
comparing a high 1000-bbl tank with 
two 500-bbl tanks. The increased in- 
stallation and piping cost brings the 
cost of the initial installation up to an 
estimated 50 per cent greater for the 
small tanks than for the larger tanks: 
thus the economics of removing a por- 
tion of the tanks after the production 
has declined has been largely offset in 
the initial installation cost. 


Other reasons for the use of fewer 
tanks of larger capacity in a battery. 
in addition to lower initial cost of in- 
stallation, are: 

a. Less evaporation losses to both 
producing and pipe line companies 
resulting from less surface exposed to 
atmosphere and less time required to 
vravitate oil from tanks. 

b. Lower connection cost on the 
part of the pipe-line company serving 
the lease. as both labor and critical 
materials are saved in connecting 
fewer and larger tanks. 

c. Less gaging expense, as the same 
amount of time is required to gage 
and test the oil in a small tank as in 
a larger tank. 

d. Improved operation of gathering 
systems resulting from the use of 
higher tanks, increasing the rate of 


TABLE 3 


. Cost to erect 


Cost to erect 


Size, bbl. 2 low tanks Size, bbl. 1 high tank 
100 $ 840 200 $ 600 
250 1,536 500 1,176 


500 2,568 1,000 1,860 
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gravitation from the tanks into the 
pipe line. 

The use of overflow lines is not 
recommended, due to the possibility 
of losses and inaccuracies; however, 
if used, they should be equipped with 
lock stopcocks or plug valves with 
sealing devices, placed where they 
can be sealed closed while tank is on 
the line or in custody of a pipe line 
company. These lines, unless they are 
so equipped, are conducive of opera- 
tions which can result in losses that 
may work to the detriment of either 
the producing or the pipe line com- 
pany, depending on the conditions in- 
volved. Oral reports, which have not 
been confirmed, indicate that losses as 
much as 7000 bbl of crude oil per 
year have resulted in one district 
where equalizer lines were not 
equipped with lock stops. Appreciable 
losses to the pipe line companies have 
also been known to result from the use 
of these overflow connections, par- 
ticularly where crude oil backs up into 
low batteries, causing a tank on the 
line to overflow into other tanks in 
the battery not then in custody of the 
pipe line company. Losses of oil suf- 
fered by the pipe line company have 
also been known to result from ex- 
pansion of crude due to.sun tempera- 
ture where tanks have been gaged and 
placed on the line early in the day and 
held back due to higher tanks going 
out first. This expansion, due to in- 
creased temperature as a result of de- 
layed exhaustion of the tank, results 
in crude overflowing into producers’ 
tanks through the overflow lines unless 
equipped with valves and unless they 
are closed. 


Following are other suggestions for 
uniform lease tank batteries: 

a. Tanks should be set on a grade 
sufficiently solid to prevent appre- 
ciable settling. Tanks appreciably out 
of level should be leveled before pipe 
line connection is made. 


b. Dents in tanks should be rounded 
out before pipe line or flow line con- 
nections are made. . 

c. Tanks should be set with pipe 
line connection openings aligned per- 
fectly. 


d. Steps and walkways to be prop- 
erly constructed, safe, and equipped 
with at least one guard rail. 


e. All tanks of nominal capacity in 
excess of 100 bbl to be equipped with 
two gage hatches; the No. 1 hatch to 
be directly over the pipe line connec- 
tion for all tanks; the No. 2 hatch (for 
tanks with nominal capacity in excess 
of 100 bbl) to be located diametric- 
ally opposite the No. 1 hatch. The 
center of the gage hatches should be 
at least 12 in. from the shell of the 
tanks and placed so that no obstruc- 
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tion on the tank bottom shall interfere 
with the accuracy of gage made 


through the hatches. 


f. The pipe line connection should 
be located directly under the No. 1 
gage hatch, with the bottom of the 
outlet at least 12 in. above the tank 
bottom, for tanks having flat bottoms; 
or above the gage plate for tanks with 
cone bottoms. 


g. Drawoff connections should be 
located on or near tank bottom dia- 
metrically opposite the No. 1 gage 
hatch; all drawoff connections to be 
equipped with lock stops or plug 
valves with sealing devices. 


h. Flow lines to be located on the 
front of tank, away from the No. 1 
gage hatch, but where the flow line 
valves may be operated from the walk- 
way; possibly the flume pipe (per- 
forated in the vapor space) should be 
standardized, which would direct the 
flow to the center of the tank; all flow 
lines extending below the oil height 
of tank to be perforated in the vapor 
space above the oil height; flow line 
drop to each tank to be provided with 
stop or valve. 


i. All vent lines to be provided with 
lock stop or plug valve with sealing 
device on the drop to each tank, and 
should be so placed that the vent line 
can be sealed closed while the tank is 
on line. 

There is a definite need for coopera- 
tion between lease operators and pipe 
line companies in the selection of the 
best sites for tank batteries. From the 
standpoint of economy and conserva- 
tion of materials, location of tanks can 
result in unwise spending and waste 
of materials, or in substantial savings 
to both parties concerned. In some 
cases, tank batteries have been erected 
in a low place where the gravitation of 
oil by pipe line was impossible, where- 
as a little study by the representatives 
of the two companies would probably 
have resulted in a tank site being se- 
lected at a strategic point beneficial to 
both the lease operator and the pipe 
line. Operation and maintenance costs 
are reduced when gravity systems can 
be constructed. and better services can 
be rendered by gager running oil if 
pumping can be eliminated. 


Adequate storage and treating fa- 
cilities are also important factors of 
mutual interest to the lease operator 
and transporter. On many leases in- 
creased gaging service is required be- 
cause of insufficient tankage, thus 
putting the pipe line company to ad- 
ditional gaging expense, involving 
also added expense to the producer in 
gaging and topping out his own tanks 
more frequently. The practice of treat- 
ing oil in storage tanks due to lack of 
separate treating facilities frequently 
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reduces the amount of net storage 
available. Adequate treating fac ‘lities 
would eliminate many refusals ‘> ryp 
tanks of crude not meeting pipe-line 
specifications. This, coupled wit!) suf. 
ficient storage, will effect savinys to 
both the operator and pipe line com. 
pany. 

Many companies continuously 
stress safety to their operating person- 
nel, while tolerating poor housckeep. 
ing in and around the lease battery— 
thus contributing to the defeat of any 
progress along these lines. It is a re. 
sponsibility of the lease operator to 
establish and maintain good house. 
keeping on and around the lease tank 
battery at all times. The carrier’s gager 
should cooperate with the producer in 
his efforts to maintain this condition 
by avoiding unnecessary oil spillage 
and such bad practices as leaving dirty 
rags or broken seals lying around in- 
side the fire wall. The frequentl 
encountered practice of permitting 
water, oil, and water and sediment to 
accumulate around the tanks and in- 
side the fire wall, to the point where it 
prohibits the proper inspection or op- 
eration of the connections and neces- 
sitates the pumpers or switchers and 
pipe line gager to wade through this 
accumulation in order to perform their 
daily chores, has long been one of 


. the sore spots of the men who must 


work around these tanks during all 
kinds of weather. Poor housekeeping 
constitutes a potential fire hazard at 
all times; and any accumulation of 
oil, unless properly protected from 
lease properties by adequate dikes 
(such as burn pits) may become 
ignited by lighting sparks from a dis- 
tant fire or a carelessly dropped match 
or cigarette. Much more could be said 
on the danger of the switchers or the 
gager slipping or falling on the walk- 
way leading to, as well as around, the 
battery, or while working on the 
gaging platform, if the surfaces are 
not maintained free of oil, water, and 
water and sediment. Adequate drain- 
age away from the tanks and proper 
disposal of water, and water and sedi- 
ment, to burn pits should be consid- 
ered in the selection of the tank site. 
and should be continuously checked 
to see that proper drainage is main- 
tained after the lease is actually in 
operation. 
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